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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 oncology 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generally out of date.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 frequently publish good
indepth reviews of cancer topics, and published symposium 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 sub-
scription.

We have approached the problem in the following fashion. First, by dividing
the oncology literature into specific subdivisions such as lung cancer, genitourin-
ary 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, basis biology, and more.

In Cancer Treatment and Research, we have an butstanding 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 second volume on gastrointestinal cancer the editors have attempted in the
‘Cancer Treatment and Research’ series, to complement the first volume by
including a set of different subjects which have recently attracted attention as
newer concepts in the diagnosis and management of gastrointestinal malig-
nancies.

As in the first volume, we have selected authors who have made major
contributions in their field in the United States and abroad. Gastrointestinal
cancer is a worldwide problem and research contributions know no geographic
boundaries. The second volume emulates volume 1 in reporting advances in the
biology of gastrointestinal cancer as it relates to diagnosis and management.
Understanding of the basic biology of the disease is essential for optimal improve-
ment in its outcome and its prevention.

The development of appropriate immunologic and biochemical markers is the
goal for the early diagnosis of gastrointestinal cancer. Cooper and Giles from
Leeds, England, present the current state of the art with markers and also give us
a view to the future. Accurate staging of gastrointestinal cancer is essential for
predicting prognosis and planning management. Martin and Beahrs from the
Majo Clinic in Rochester, Minnesota review the current concepts regarding
staging of gastrointestinal malignancies and make a plea for a uniform system
based on the UICC and American Joint Committee’s TNM system.

Pancreatic and hepatocellular carcinoma are major problems worldwide, the
latter particularly troublesome in the less industrialized countries of the world.
Both are difficult to manage and the great majority of patients afflicted with these
diseases die. MacMahon from Harvard Medical School, Boston, discusses newer
concepts regarding the epidemiology of pancreatic cancer. Because of the dismal
prognosis of this disease and the difficulties with early diagnosis and manage-
ment, understanding those at risk may be an important step towards the control
of the disease. In regard to hepatocellular carcinoma, it has become evident that
there is a relationship with this disease to hepatitis-B virus. Blumberg and
London from Fox Chase, Philadelphia, discuss this relationship and postulate
that the control of hepatitis-B would clearly dramatically aid in the control of
hepatocellular carcinoma.

The management of both malignant disease of the liver and esophageal cancer
has posed major problems with results that have not been satisfactory. Foster
from the University of Connecticut places the management of primary and
metastatic cancers involving the liver in perspective and stresses the indications
for surgical management. Kelsen from the Memorial Sloan-Kettering Cancer
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Center in New York discusses the combined multimodality treatment of car-
cinoma of the esophagus. Newer chemotherapeutic approaches in conjunction
with surgery or radiation show promise in perhaps aiding in the management and
improving survival with this cancer which generally has been resistant to therapy.

Although large bowel cancer has a reasonably good prognosis, the problem of
low rectal cancer has created difficulties because of the need for colostomy.
Rothenberger and his colleagues from the University of Minnesota discuss the
options in rectal surgery and detail the major advances in restorative rectal
surgery. Gunderson and colleagues from the Mayo Clinic outline the additive
effects that radiation therapy may have in the management of rectal cancer. They
discuss the preoperative, postoperative and ‘sandwich’ techniques. Nigro from
Wayne State in Michigan describes the approaches in the management of squam-
ous cancer of the anus with combined multimodality therapy.

Gastrointestinal bleeding, jaundice and malnutrition are major complications
that may occur with cancer or its treatment. Supportive care of the patient with
cancer is essential and needs to complement the primary treatment of the tumor.
Kurtz from the Memorial Sloan-Kettering Cancer Center discusses management
of gastrointestinal bleeding in patients with cancer and indicates that a vigorous
diagnostic approach is necessary since not all bleeding is from tumor. Zimmon
from the Veterans Administration Hospital and New York University in New
York approaches the problem of the management of jaundice in selected patients
with cancer by various non-surgical approaches including the endoscopic one.
Shils from Memorial Sloan-Kettering Cancer Center discusses the nutritional
management of patients with impaired or absent function of the various organs of
the gastrointestinal tract.

The last three chapters encompass some newer approaches in the management
of patients with gut cancer. Abe from Kyoto University, Japan outlines their
excellent results utilizing intra-operative radiation therapy for gastrointestinal
malignancies. Their preliminary results as well as some investigators in the
United States are very encouraging in improving the situation in patients with
very poor prognosis. Goldenberg from the University of Kentucky discusses the
practical application of some of the newer concepts regarding antigen/antibody
treatment of malignancies. Finally, Storm and Morton from the University of
California, Los Angeles, outline their results with hyperthermia which show
promise for managing some of the more resistant gastrointestinal cancers.

The editors wish to express their thanks to the authors who have contributed to
this volume. It is evident that advances are occurring and with continued research
hopefully many of our current problems in the management of gastrointestinal
cancer will disappear.

Jerome J. DECOSSE, M.D.
Paul SHERLOCK, M.D.



1. Biochemical markers in gastrointestinal
malignancies

EDWARD H.COOPER and GEOFFREY R. GILES

1. Introduction

There is a great wealth of experience of markers in gastrointestinal disease.
Several tests such as those for alpha-fetoprotein (AFP) and carcinoembryonic
antigen (CEA) have now moved firmly from the realms of experimental study
into widespread clinical use. This transition from research to routine clinical
chemistry, especially for CEA, has partially been justified by the scientific
evidence that the measurement of the marker was helpful but has also been the
result of astute advertising by the manufacturers of commercial kits and the
economics of such tests. Indeed the cost effectiveness of the measurement of
CEA is a matter of considerable debate with opinion leaders in major institutions
sometimes taking diametrically opposed views.

In 1983 it is right that in an overview of the laboratory tests available for the
investigation and monitoring of patients with gastrointestinal cancer, we try to
restore some objectivity to the several pious hopes expressed in the literature for
the last ten years concerning a wide range of analytes that might possibly be
helpful clinically: alas so far few have fulfilled their promise. We will also attempt
to integrate the results of laboratory tests into their true context of the sum of
clinical information available to the physician or surgeon when the test is ordered.
The essential question is how does the knowledge of the level of a particular
analyte in the blood or urine add to the information available to the clinician and
to what extent will this information influence his decision making?

Two main lines of research contribute to studies of biochemical and immu-
nological markers in gastrointestinal cancer. First, there is a major effort to find
markers that are tumour specific and have the sensitivity to identify early stage,
asymptomatic, tumours. It will be seen that with a few exceptions we are still far
short of this goal. Second, there is the use of markers once a diagnosis has been
made, the aims being to stratify patients in terms of their survival probability, to
detect recurrence and to monitor treatment. In this second set of tasks classical
tumour markers can be reinforced by several types of non-specific tests that

J.J. DeCosse and P. Sherlock (eds), Clinical Management of Gastrointestinal Cancer.
© 1984, Martinus Nijhoff Publishers, Boston. ISBN 978-1-4612-9790-1



reflect tumour burden and the reaction of the body to the general effects of
invasion or the particular consequences of the damage to an organ system. In this
secondary supportive role there has been considerable progress with many
alternative tests available to the clinician. The problem now is to select the right
combination of tests for the particular question that needs investigation at dif-
ferent stages in the evolution of the disease. There is a real risk of over investigat-
ing the patient for a trivial gain in information.

Those tests that are organ specific, for example associated with carcinoma of
the pancreas, will be discussed in relation to the organ. The patterns of change of
these analytes will then be examined in relation to the main sites of primary
tumours in the gastrointestinal tract and their pattern of local and metastatic
spread. Finally, we have added a brief appendix on the methods that are available
to prove statistically whether the measurement of an analyte can add significantly
to the information already available to the clinician. This statistical approach is
obviously not essential for clinical practice but perhaps provides a way in which
evidence should be critically examined prior to becoming overwhelmed by the
pressures of commercial exploitation, or borne on the wave of false optimism.

2. Biochemical markers
2.1. Alpha fetoprotein (AFP)

AFP is a classical oncodevelopmental glycoprotein, it is synthesised early in foetal
life by the liver and yolk sac, reaching its highest level in the foetus at the end of
the first trimester with an AFP of 1-3 mg/ml [1]. The level of AFP then declines
and in infants born at term, the concentration of the protein is between 2 and 17
ng/ml and it gradually falls to a normal adult level of <5 ng/ml [2]. Human AFP
has a molecular weight of 64,600 daltons with a biological half life in the blood of 3
to 4 days [3]. Primary tumours of the liver and the yolk sac are often associated
with the reactivation of the foetal genes for AFP production and a pronounced
increase in the level of the protein in the blood.

Since the discovery of AFP in mice by Abelev et al. [4] in1963, the identification
of a similar protein in the serum of a patient with hepatocellular carcinoma by
Tatarinov [5] an immense research effort has been put into the understanding of
the physiology of AFP synthesis, its function and disturbance in disease. Several
authors have reviewed the topic in recent years, among them Adinolfi [1], Sell [6,
7} and Hirai [8]. Reference to these extensive articles can provide the background
of the experimental evidence of the structure and assay of the protein, its
apparent function in animals. Measurement of the AFP concentration in amniotic
fluid has given a method for the pre-natal diagnosis of certain developmental
defects [1].

The AFP molecule shows a microheterogeneity which is associated with the



carbohydrate side chains that contribute some 3 to 4% of its total weight. These _
sugar side chains exhibit varying degrees of affinity to plant lectins, in particular
Concavalin A (Con A) and lens culinaris agglutinin (LCA) in a characteristic
fashion which is related to the origin of the AFP.

The patterns of reactivity of foetal yolk sac AFP with LCA and with Con A
closely resemble the pattern of AFP produced by germ cell tumours: whereas the
reactivity of foetal liver AFP are similar to those produced by primary liver cancer
[9]. These properties are an important basis of tests designed to aid the interpreta-
tion of the clinical significance of a raised AFP concentration in amniotic fluid.
However within primary liver cancer there is considerable variation in the lectin
binding patterns. These lectin affinity patterns provide further strong support for
the concept that AFP synthesis in malignant tumours of the germ cells and
hepatocytes is biochemically analogous to the AFP production in yolk sac endo-
derm and foetal liver cells respectively.

In the context of AFP as a tumour marker there are some broad generalisations
that can help in the interpretation of the results of this assay. Partial hepatectomy
in rats is a powerful stimulus for the proliferation of parenchymal and stromal
elements of the liver which will grow until the liver is restored to normal size. AFP
production is also stimulated by experimental partial hepatectomy but tends at tis
maximum levels to be delayed as compared to the induction of the major waves of
cell division [10]. On the other hand, no such elevation of serum AFP has been
detectable in 11 adult patients who have undergone partial hepatectomy for
benign disease but was elevated in 29% of patients with acute hepatitis, 34% of
patients with chronic hepatitis and 75% with massive hepatic necrosis. This
suggests the increased AFP in hepatitis is not a reflection of liver regeneration
[11]. In tissue culture, hepatocytes of foetal and adult origin tend to show their
maximum synthesis of AFP when they are in an active growth state whilst
albumin is produced by the cells throughout their period in culture [10]. Study of
the action of chemical carcinogens that are known to induce hepatic cancer in
rodents have shown that in several such model systems there may be a transient
activation of AFP synthesis soon after exposure to carcinogens to be followed by
amassive upsurge of the level when the tumours arise in the liver [8]. Resection of
the tumour in experimental animals and in man will be associated with a fall in the
circulating AFP.

2.2. Carcinoembryonic antigen (CEA)

Carcinoembryonic antigen was discovered in 1965 by Gold and Freedman [12]
and defined as a tumour-specific antigen of the digestive tract in man. The
presence of CEA in foetal tissues and its absence in the corresponding adult
tissues and the hypothesis that its synthesis was recommenced in bowel cancer
cells was the reason why the protein was called the carcinoembryonic antigen.



The chemistry of CEA is the subject of numerous reviews (Fuks et al. [13]: Gold et
al. [14]: and Shively and Todd [15]).

The major step forward was the development of sensitive immunological
assays for CEA that are able to identify protein concentrations down to 0.5 ng/ml.
Once these systems had become reliable a vast amount of data began to accumul-
ate about this test. Some confusion occurred as various assay systems in the
pioneer laboratories had widely differing levels for their normal and abnormal
ranges that were unique to the particular assay. However, the great bulk of results
during the past few years have come from use of the Roche radioimmunoassay
and more recently Abbott commercial assays whose results are closely correlated
to the Roche assay. Several other commercial CEA kits are now available in
Europe and Japan. The results using different CEA assays are not interchange-
able on the same patient, but the general trends are highly correlated.

In brief, CEA is a glycoprotein of molecular weight 175,000-200,000 daltons
with 50-60% of its weight made of carbohydrate, which is responsible for the
wide heterogeneity of molecular size. The high carbohydrate content makes the
protein soluble in perchloric acid which is an extraction step used in some of the
commercial assay systems for CEA. A number of CEA cross reacting antigens
have been isolated and characterized (NCA and its closely related antigens).
Antisera to CEA used for clinical assays are selected to keep this cross reactivity
as low as possible.

2.3. Pancreatic tumour antigens

The discovery by Banwo et al. [16] in 1974 of an oncofetal antigen associated with
human fetal pancreas and pancreatic tumours started a major search for putative
markers of this type. The pancreatic oncofetal antigen (POA) now has emerged
as the most promising antigen for the serological diagnosis of pancreatic cancer.
The research has centred in London [17], Chicago [18, 19] and Roswell Park [20].
POA is a glycoprotein with a molecular weight of 40,000 daltons but tends to exist
in the blood as an a, globulin with a molecular weight of 800,000 daltons. POA
has been prepared from foetal pancreas and pancreatic cancer. Shimano [20]
prepared pancreatic cancer associated antigen from the ascitic fluid of a patient
with pancreatic cancer, this was later shown to be similar to pancreatic cancer
associated antigen (PCAA).

Immunoperoxidase linked staining techniques have been used to examine the
distribution of POA in tissues. Hobbs et al. [17] found POA in the secretory cells
of adenocarcinoma of the pancreas, and the adenomatous parts of fetal pancreas,
they found a very low frequency in other types of gastrointestinal cancer. Immu-
nofluorescence microscopy has shown POA in the signet ring cells in gastric
cancer [19].

The serum levels of POA (using a rocket immunoassay) and PCA A (using an



enzyme immunoassay) have been measured in a variety of tumours and benign
gastrointestinal diseases. In Hobbs’s experience a level of 7 U/ml tends to
discriminate pancreatic cancer from the moderate increases of POA in colon and
stomach cancer and chronic pancreatitis. Hunter et al. [19] reported levels >14
standard units/ml (= 18-20 ug/ml) as discriminating. They found raised levels in
moderately and well differentiated cancers; carcinoma of the pancreas had the
highest incidence of raised levels. There appears to be some microheterogeneity
of POA and PCAA that probably is due to differences in the carbohydrate
content.

Tumour antigen tests with a limited data base. The interest in CEA, AFP and to a
lesser extent POA have provided a firm data base so that their use in routine
gastroenterology can be judged on solid evidence. There are some additional
tests that may eventually find a place in clinical medicine, this section briefly
introduces these tests.

2.4. Tennessee antigen

Tennessee antigen (Tennagen, TAG) is a glycoprotein extracted from a colon
adenocarcinoma; it has some similarities to CEA but is antigenically distinct from
CEA [21]. A commercial hemagglutination inhibition assay is available. Initial
results indicated that more than 90% of patients with large bowel cancer had
values greater than the upper limit of normal 5.5 ng/ml serum including Dukes
stage A. Subsequent investigations have failed to confirm these first impressions.
Sampson et al. [22] reported TAG has a sensitivity of 71% and a specificity of 77%
for gastric cancer: however it was a less attractive test in colorectal cancer with a
sensitivity of 76% but a specificity of only 44% . Pentycross [23] has cast doubt on
the upper limit of normal, finding higher values than first reported and confirmed
the low specificity of the test. In his series, although higher values were found in
patients with active cancer, persistently raised levels were found in tumour-free
patients. Gray et al. [24] reported that 29 out of 31 patients with resectable
colorectal cancers had a raised serum level of TAG compared to only eight with a
raised CEA. However, the lack of specificity and the persistent elevation after
resection of all macroscopic cancer limits the clinical usefulness of TAG.

2.5. Tissue Polypeptide Antigen (TPA)

Tissue polypeptide antigen is a polymeric protein made up of units of 45,000~
20,000 daltons, without sugar or lipid conjugates. TPA is found in most tumours
and a haemagglutination inhibition assay and more recently a radioimmunoassay
has been devised for its measurement in body fluids, see Bjorklund [25] for
review.



There have been a few studies of TPA levels in colorectal cancer, Andrén-
Sandberg and Isacson [26] studied 157 patients and found high pre-operative
levels of TPA were associated with a bad prognosis. In monitoring TPA, levels
rose several months before the detection of recurrence in 10 out of 13 patients. A
comparative study of TPA and CEA in gastric and colorectal cancer has been
made by Wagner et al. [27]; they concluded both TPA and CEA are not tumour
specific markers, raised TPA levels occurring in inflammatory states. Thirty out
0f 39 (76.9%) cases of carcinoma of the stomach showed a raised TPA, compared
to a raised CEA in only 18 out of 39 (46.1%). Tumour stage and TPA levels were
related. In colorectal cancer, TPA was raised in 37 out ot 60 (61.6%) and CEA
elevated in 38 out of 60 (63.6%).

2.6. Acute phase reactant proteins (APRP)

APRP are a group of plasma proteins predominantly synthesised by the liver
whose levels in the blood are increased in response to a wide variety of non-
specific inflammatory processes [28]. They consist of two groups, the fast reac-
tants, which include C-reactive protein (C-RP), serum amyloid A(SAA) protein
and a-antichymotrypsin (ACT) and the slower reactants, a;-acid glycoprotein
(AGP), a;-antitrypsin (AT, haptoglobin (Hp), ceruloplasmin and fibrinogen.
The fast reactants can rise within a few hours of a stimulus such as wounding; their
half life is short, <2 days. C-RP and SA A can increase their concentration by as
much as 100-1000 fold during the reaction [29,30]. Several other proteins such as
complement factors exhibit a weak acute phase response.

The APRPs have tended to be overlooked as tumour markers as they lack
specificity or the sensitivity required for the detection of small tumour masses.
Nevertheless, evidence is growing which suggests that, in the context of prognos-
tic assessment, patients with several forms of cancer, notably bladder, kidney,
stomach and colorectal, a raised APRP tends to be associated with a downgrading
of the chances of survival [28, 31]. The acute phase response in cancer of the
stomach, colon and hepatic metastases cannot be ascribed to infection; it is more
probable that it reflects the rate of extent of tissue destruction and release of the
messenger molecules controlling the rate of hepatic synthesis of this cascade of
proteins. The precise functions of the APRPs in inflammation are still uncertain.
Some of the proteins have antiproteolytic activity (ACT and AT), haptoglobin
binds haemoglobin, ceruloplasmin transports copper and removes free radicals.
The action of AGP, C-RP and SAA are less well understood; all exhibit immu-
nosuppressive activity and may be important in the modulation of other protein
pathways involved in an inflammatory response, such as the coagulation and
complement systems. See Pepys [29], Arnaud and Gianazza [32], Glenner [30] for
reviews.

It has been argued that the erythrocyte sedimentation rate (ESR) can provide



the same information as measuring acute phase reactants. In practice, the ESR
tends to be influenced by a variety of factors of which the level of fibrinogen is
important but by no means the only rate determining factor; gammaglobulin
levels and haemotocrit also have a strong influence. The measurement of C-RP,
ACT or AGP tends to reflect clinical progress of a cancer more closely than the
ESR.

3. Oesophageal cancer

There are few reports of tumour markers in oesophageal cancer. Wahren et al.
[33] observed a CEA >2.5 ng/ml in 35 out of 59 (59%) patients with localised
oesophageal cancer; rising to 78% in patients with metastatic cancer. There was
also a slight rise of AFP in some patients but this contributed little as a potential
marker. In a series of 41 patients with oesophageal cancer investigated by Alex-
ander et al. [34], 70% had CEA levels >5 ng/ml; CEA levels >10 ng/ml after
therapy were associated with a significantly shortened survival.

4. Carcinoma of the stomach

A high incidence of carcinoma of the stomach is found in Latin America, Japan
and some European countries, it is low in much of Africa and intermediate in
North America and parts of Europe, where it is tending to decline slowly.
Conversely the disease either presents or is discovered generally at a later stage in
the Western world than in Japan. This difference is becoming more accentuated
as active population screening programmes for stomach cancer have been well
established in Japan.

In Western countries laboratory based tests for the diagnosis and prognostic
assessment and monitoring of gastric cancer have received far less attention
compared to the great effort that has centred on large bowel cancer.

4.1. Aids to diagnosis

The low frequency of elevated levels of classical tumour markers, such as CEA
and AFP means that they can play little part in the diagnosis of the disease, and
have no role in screening. One promising test is the assay of the level of the
tumour-associated sulphated glycoproteins in the gastric juice. One of these
foetal sulphoglycoprotein antigens (FSA) described by Hakkinen [36] has war-
ranted its use as a screening test in 214,000 Finnish people and 3% of the rural and
5-7% of the industrial population were positive. Subsequent gastroscopy of 461
led to the detection of 3 histologically proven cancers and one suspected early



cancer. Later in 1979, Hikkinen [36] reported that among 34,000 persons tested,
3,000 were FSA positive and 26 were eventually demonstrated to have a gastric
cancer; a high incidence of a variety of benign disorders of the stomach, predomi-
nantly atrophic gastritis, was present in the FSA positive subjects.

This is an interesting form of non-invasive screening technique but its false
positive rate is rather high. On the other hand, Hiakkinen considers it could be the
basis of a screening system especially in high risk patients. Alterations of the
concentration of certain enzymes in gastric juice has been known for a long time
to be associated with gastric cancer [37]. The combination of levels of lactic
dehydrogenase (LDH) and -glucuronidase provided a powerful discriminant for
gastric cancer in 113 cases of dyspepsia investigated by Rogers et al. [38], 41 out of
42 cases of gastric cancer gave positive tests with only 13 out of 113 (11%) false
positive results, all in cases with extensive metaplasia. There have been sugges-
tions that a raised level of CEA in the gastric juice is indicative of cancer [39], but
is has not become a widely adopted test.

The non-specific elevation of acute phase reactant proteins has been suggested
as a possible warning of malignancy in patients complaining of dyspepsia. Grind-
ulis and his colleagues [40] found significant differences in the mean APRP levels
in 17 gastric cancers compared to benign lesions in an examination of 107 patients
being investigated by gastroscopy but the overlap was too great to be pathog-
nomonic. In our experience of 200 cases of gastric cancer elevation of acute phase
proteins, C-RP, ACT and AGP was present in about one half the patients.

A raised f2-microglobulin (82-m) has been observed by several investigators to
occur in about a third of patients with gastric cancer [41, 42]. In a more extensive
study of 480 patients, Rashid et al. (43) confirmed that a raised 82-m >3mg/l was
present in 35% of patients with gastric cancer, 37.8% of patients with pancreatic
cancer and in 28% with gastric ulcer. On the other hand there was no elevation in
50 patients with symptoms of dyspepsia and no lesion demonstrated by gastro-
scopy. In a study of 350 patients, the failure of 52-m levels to provide useful
prognostic information in adenocarcinoma has been confirmed by Staab et al.
(44).

The pre-operative levels of 82-m had no relationship to the patients’s survival.
The nature of the $2-m response in solid tumours is unknown, but occurs in most
common forms of cancer. The most likely explanation is that it relates to the
turnover of HLA antigens on the surface of cells that have a high density of these
cells, lymphocytes are considered the most likely cell type at present [45]. How
the increased $2-m turnover is brought about is unknown; neither is there any
obvious connection between this phenomenon and other clinical or immunologi-
cal disturbances in cancer.



4.2. Assessment of prognosis and monitoring

Once the diagnosis of a cancer is made the values of laboratory tests have
different meaning than when the diagnosis remains in doubt. In the context of
assessing prognosis the level of the analyte whether in the normal range, moder-
ately or grossly raised can have meaning. The biochemical changes for it is the
result from the interplay of factors intrinsic in the tumour, its extent and effect
upon the hosts defence mechanism. Staab and his colleagues [46] from Germany
have recently described this experience of the pre-operative levels of CEA as a
prognostic index in 375 gastric cancers (81 stages I and II, 82 stage III and 212
stage IV). A raised CEA, >4 ng/ml, Roche assay, was present in 123 patients
(31%) with a distribution of 18% in stages I and II, 23% in stage III and 37% in
stage IV. When the patients within a stage were subdivided according to the pre-
operative CEA level no difference in median survival was seen in stages I and II,
but significant differences occurred in the CEA sub-groups <4 ng/ml in stage III,
and for the CEA ranges 4-10 ng/ml and >10 ng/ml in stage IV.

In Leeds we have asked the question whether the biochemical indices when
taken in association with the clinical, X-ray and endoscopic information, can aid
in the pre-operative assessment of the patient (47). In the first cohort of 104
patients it appeared that the combination of CEA and the level of the acute phase
protein antichymotrypsin, could be useful discriminants. When both analytes
were elevated (24 patients) then the median survival was 5 weeks, and when they
were both normal (32 patients) median survival was 64 weeks. An intermediary
group with one or other of these proteins elevated (48 patients) had an estimated
median survival of 15 weeks.

In a second study of 100 additional patients the level of the plasma enzymes
phosphohexose isomerase and gammaglutamyl-transferase were brought in as
additional analytes. Pre-operatively the site of the tumour in the stomach and the
level of C-RP (ACT or AGP could be used alternatively) appeared to provide the
best prognostic index before formal staging at surgery. Only two out of 27 (7%)
patients with a C-RP >20 mg/l survived longer than 6 months and 16 out of 27
(59%) of them were found to be non-resectable at laparotomy. The post-opera-
tive prediction of survival in patients in our second series who had survived 4 or
more weeks after surgery was determined by the combination of site and stage
alone. Although pre-operative CEA and C-RP levels were related to prognosis,
they added no further information once site and stage were taken into account.

4.3. Advanced disease
The pre-treatment blood count can carry important prognostic information in

advanced gastric cancer. In a study of 204 patients with metastatic gastric cancer,
Bruckner et al. (48) observed that prior to chemotherapy the absolute gran-
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ulocyte counts (<6000/cu mm), lymphocytes (<1500/cu mm) and monocytes
(300-900/cu mm) were independent indices of a favourable prognosis; conversely
counts outside these limits were a sign of an unfavourable prognosis. If the patient
was ambulatory, the median survival of 27.6 weeks improving to 37.6 weeks if
two of the haematological indices were in the favourable range. In partially
ambulatory patients the median survival was 16.2 weeks, improving to 25.7 weeks
if two haematological indices indicated a good prognosis and fell to 11 weeks if
they indicated a poor prognosis. Similar prognostic indices have been described
for advanced lung cancer which shares with gastric cancer the same fatal outcome
[49].

There has been no successful system for monitoring the effects of treatment on
metastatic gastric cancer, CEA levels are erratic and their low frequency of
positivity makes it unsuitable [50]. In our experience acute phase reactant pro-
teins, in particular a,-antichymotrypsin and a;-acid glycoprotein, can provide an
indication as to the general evolution of the tumour. In practical terms stable
levels of the acute phase proteins within the normal or slightly elevated range
correspond to ‘stability’ of the disease as reflected by the patients’ performance
status, a progressive rise of APRPs can be expected to occur in most patients with
gastric cancer during the last 3-6 months of life. [28]. This ‘marker’ is more
generally applicable than CEA as only about half the patients will eventually
show an elevated CEA (Table 1).

Gastric cancer in Caucasians, due to its late presentation, carries a high risk of
death. Consequently the most advanced patients are unlikely to survive long
enough to be considered for chemotherapy and there will be a difference in the
population referred to first line treatment compared to those eventually selected
for chemotherapy. The intrinsic variability of the stage and status at first presen-
tation at hospital can produce differences in the composition of various patient
populations and this is accentuated when a general hospital population is com-

Table 1. Percentage increased CEA levels in carcinoma of stomach according to stage?

Reference No. of Origin Percentage raised CEA
patients

Stage I 1II I v

Tomoda et al. {132] 226 Japan 8.2 25 23 40
Staab ef al. [46] 375 Germany 18.5 23 37
De Mello [131] 100 UK 15 3 52
Satake et al. [133] 22 (early) Japan 0 17

70 (advanced)
Ellis ez al. [50] 157 (inoperable) UK - - - 31

2 Defined as >4 or 5ng/ml by Roche assay, or equivalent by other assays.
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pared to a special referral institution, as the elderly and most terminal advanced
cases rarely reach a referral hospital. This may explain some of the differences in
experience of this disease in Europe and North America; and is in marked
contrast to studies in Japan which tend to show the full spectrum of the natural
history of the disease at first presentation. Clearly, in order to find carcinoma of
the stomach earlier in Caucasians we need a change of attitude rather than new
technology.

5. Colorectal cancer
5.1. Prognostic assessment

The original Dukes’ A, B and C classification, when assessed by careful examin-
ation of the specimen resected at surgery, has been found in many series to act as
the general guide to prognosis.Since then modifications, such as those proposed
by Astler and Coller, [51] have been found to improve the definition of subgroups
encompassed with the B group (B1,B2) where B2 is the penetration of the bowel
wall and the presence of possible involved lymph nodes. A ‘D’ category has been
added to indicate local or distant metastatic spread beyond the lymph nodes.
Others have preferred to use the UICC TNM classification, and various minor
modifications of these classifications.

Whatever system is used, it is evident that within the broad categories there are
marked differences in overall survival time or tumour free interval after surgery.
These differences are still present after taking tumour site, age, sex and histology
into account. There are several biochemical factors whose pre-operative levels
show a considerable range of values within each of the main clinical and patholog-
ical categories: the question is whether this individual variation is a reflection of
host and tumour factors that influence prognosis. The two statistical approaches
to investigate this question are shown in the Appendix and illustrated by our
experience of gastric and colon cancer.

At present the data is fragmented as the analyses run the full range from simple
intuitive to sophisticated, nevertheless the salient points are sufficiently self-
evident to warrant their collective appraisal. CEA has attracted the most atten-
tion: in part this is the result of serendipity since major investment was put into
measuring this analyte in the past and now sufficient time has elapsed for the
survival patterns of the cohort of patients to have been revealed. In a relatively
small group of patients the Roswell Park team have observed that a raised pre-
operative CEA carried a worse prognosis for patients with Dukes’ B and Dukes’
Clesions. Holyoke et al. [52] from Roswell Park in Buffalo and Wanebo et al. [53]
from the Memorial Hospital in New York reported on the significance of pre-
operative levels of CEA in 358 patients with colorectal cancer. The recurrence
rate was higher in Dukes’ B and Dukes’ C lesions with CEA >5 ng/ml. There was
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a linear inverse correlation between the pre-operative levels and the estimated
mean time to recurrence in patients with Dukes’ B and C lesions ranging from 30
months for a CEA level of 2 ng/ml to 9.8 months for a CEA of 70 ng/ml. In C
lesions the median time to recurrence was 13 months if the pre-operative CEA
levels were >5 ng/ml and 28 months if <5 ng/ml.

Goslin et al. [54] in Boston assessed the pre-operative CEA levels in patients as
a method of post-operative stratification after curative resection of colorectal
cancer. One hundred and thirty four patients were suitable for study; among the
71 patients with Dukes’ B lesions, pre-operative CEA levels were not correlated
with risk of recurrence or the time to recurrence. In the Dukes’ C lesions,
however, an elevated pre-operative CEA was predictive of an enhanced risk of
recurrence. Nineteen out of 21 (90%) patients presenting with a CEA > 5ng/ml
relapsed in a follow up of 36-72 months whilst only nine out 23 (39%) patients
with Dukes’ C lesions with a CEA <S5 ng/ml had relapsed in the same period.

Two other large studies have been made in Europe. Staab et al. [55] in
Germany, reported the relationship between CEA and survival in 563 patients
observed since 1974 to 1981 and demonstrated that the sub-division of patients
according to the surgical criteria of radical resection, palliative resection and non-
resectable lesions was a very powerful prognostic parameter. Furthermore, CEA
levels of 24, 4-10, >10 ng/ml provided an independent prognostic index which
was additive to the classical TMN classification or the surgical assessment of
prognosis that they have devised. A recent report from Poland on experience of
280 patients showed that CEA correlated with stage and probability of recur-
rence [56].

However, Blake et al. [57] reporting from Pittsburgh were less impressed with
the evidence that small elevations of CEA carried much weight as a prognostic
factor, though they confirm that levels >10 ng/ml undoubtedly reduced the
chance of cure. They were at pains to point out that this was only a statistical
probability and should not be interpreted as a certainty for an individual patient.

It is evident from these series seen collectively that pre-operative CEA is a
powerful discriminant in the Dukes’ C group and the majority of opinion would
favour that this is still applicable to Dukes’ B lesions. Whether CEA level is the
only criterion that has such an effect on prognosis is debatable, other biochemical
disturbances that occur in patients with colorectal cancer have not been examined
on the same scale.

In our experience with 100 older, pre-operative patients with colorectal cancer
we found that the combination of Dukes’ stage and pre-operative serum levels of
antichymotrypsin, and phosphohexose isomerase, an index of glycolysis, were
more effective as indices of survival to 18 months than the combination of Dukes’
stage and pre-operative CEA level and that having obtained this information
CEA no longer provided any additional information for stratification. This
illustrates the importance of not looking solely at tumour associated antigens as
prognostic indices as it is possible that once the diagnosis of the condition is no
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longer in doubt, then a variety of non-specific biochemical changes can provide
valuable information with regard to prognosis.

5.2. Monitoring patients with colorectal cancer

There is now definite evidence that repeated measurements of the levels of CEA
in the blood is probably the most sensitive method for the identification of
recurrence or metastatic tumour that has arisen after surgery [58,59,60]. How-
ever, whilst all recorded series have several examples of a long lead time between
observation of a rising CEA and the clinical identification of recurrence in the
absence of exploratory surgery, there are varying proportions of cases in which
the clinical identification of recurrence and the elevation of CEA were coinciden-
tal and some 15-20% of the patients in which no elevation was present at the time
of recurrence.

Many factors influence this type of investigation, in particular the frequency of
recall of the patients. The influence of this problem has been discussed by Mach
and his colleagues. Evans et al. [61] reviewing the literature in 1978 considered
that an elevated CEA appears in about one third of sub-clinical recurrent or
metastatic large bowel cancers and will provide a lead time of three months or
more. The cost effectiveness of this monitoring cannot be ignored and the view
has been expressed that the procedure has little value as it makes no difference to
the decision-making process that will optimize the well being, effectiveness and
duration of the patients’ residual life span [62].

The opposite view is expressed by those who believe in second look surgery or
the use of adjuvant chemotherapy. The pro’s and con’s of the different strategies
in management is made elsewhere in this book. Here we are concerned with the
technicality of laboratory tests for the presence of metastases or recurrence and
interpretation of the results (see Chapter 2).

Most authors agree that in any large series of follow-up there will be occasional
random elevations of CEA which cannot be explained, the majority of which
tend to return to the baseline spontaneously, whilst the majority of the patients
who remain tumour free have a CEA that tends to be below 2.5 ng/ml: about 20%
of the patients in our series had levels between 2.5-5 ng/ml and several observa-
tions had to be made before one could be convinced of the patients’ own baseline
level. The CEA test is not sensitive to small amounts of tumour such as known
involved lymph nodes or tumour present at the resected margin of the specimen
or small tumour deposits seen on the surface of the liver. In our experience of
minimal residual disease only four out of 43 (9%) patients had unequivocally
raised CEA levels two months after surgery where there was known residual
tumour [63]. Despite this limited sensitivity sequential CEA measurements have
been found helpful in adjuvant chemotherapy for Dukes’ B and C colorectal
cancers [64].
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The insensitivity of the test is the reason why the Mayo Clinic Group [65] are
dubious about its use as a routine monitor; this opinion is based on study of 149
patients with Dukes’ B2 and C lesions followed up closely; they were seen at least
every 15 weeks, until recurrence was documented or they were still tumour free
after 1to 3 years. In 18 patients, there were transient rises of CEA which were not
explained by the presence of tumour. In the 34 patients who recurred during the
course of the study the authors agree that the CEA is an insensitive indicator of
recurrence, 25 out of 34 patients had levels >5 ng/ml but in those series the
disease was too advanced to be at a therapeutically advantageous stage; the latter
reflecting the inadequacy of the treatment rather than the ineffectiveness of the
test.

Holyoke and his colleagues [52] expressed uncertainty with the benefits of
second look surgery and resection on the basis of 47 recurrences observed in 161
patients and in only 6 out of 47 (15%) was an abnormality of CEA the sole
indication of recurrence. In three patients with a rising CEA, laparotomy failed
to confirm the presence of tumour.

Staab et al. [66] claimed that an analysis of the rate of increase of CEA can
distinguish between localized recurrence and hepatic metastases. In 31 recur-
rences, localized disease, proven by second look surgery, had a rise of 0.08-0.20
ng CEA/ml in 10 days whereas hepatic metastases had a mean slope of 2.2 ng/ml
increase in 10 days. Wood et al. [67] have written that the rate of change of the
level of CEA is an important factor in selecting patients who are likely to have
resectable tumours; their CEA assay had an upper limit of normal of 25 ng/ml, the
local recurrences had slopes rising to <75 ng/ml by 12 months; whilst hepatic
metastases are fast reaching 100 ng/ml in 6 months. The Memorial Hospital,
gastroenterology team [68] reported that among 32 patients with asymptomatic
recurrences detected by a rising post-operative CEA, 33 out of 37 laparotomies
demonstrated tumour, in 16 cases it was resectable and in 17 non-resectable; once
again the lower CEA levels and lower rates of increase occurred in the resectable
tumours.

Minton and his colleagues [69], on the other hand, are strong advocates for
CEA testing as a way of providing an indication for second look surgery. They
advocate the use of normogram to control the variations of the test and take a
value that is 2SD above the post-operative low as being a significant increase.
Applying these criteria they found that 11 out of 14 (78%) patients with a rising
CEA had resectable tumour. Minton’s experience seems to be out of line with the
estimates of the rate of resectable recurrences which are thought to be more likely
in the region of 5-7% [65].

Non-specific indicators can be used for monitoring, such as the measurements
of C-reactive protein, and other acute phase proteins, but they are less sensitive
for the detection of recurrence than CEA. A progressive increase in their levels
can confirm that various treatments are failing to control the evolution of the
tumour. In a survey of 55 patients with advanced colorectal cancer attending our
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chemotherapy clinic, 89% showed an elevated C-RP >10 mg/l three months
before death and in 64% the level was >50 mg/l. There is considerable variation
from one patient to another in the way in which these non-specific indicators will
respond. In the opinion of the Mayo Clinic Group, alkaline phosphatase is one of
the most reliable components in standard liver function tests for observing the
progress of hepatic metastases [62], and they doubt the value of CEA as an
indicator of progression of colorectal cancer. However, this is a somewhat
extreme view as monitoring of colorectal cancer was one indication for CEA
measurements that was endorsed by the Consensus Meeting on the use of CEA
sponsored by the National Cancer Institute [70].

5.3. CEA in screening for colorectal cancer

It is evident that CEA measurements lack the specificity and sensitivity to make it
a reliable test for large bowel cancer in asymptomatic subjects or even patients
with minimal symptoms. Indeed today a raised CEA in established colon cancer
tends to raise a doubt whether the patient will be tumour free 5 years after
surgery. It is of interest to look at some of the studies made in the past 10 years as
they contain important lessons.

The Community Health survey of the town of Busselton, in Australia, has
provided an indication of the usefulness of CEA as a screening system in an
asymptomatic population. Considering the 956 unselected persons over the age of
60 years, 44 (4.5%) had a CEA level >5 ng/ml at the beginning of the study.
During a 4 year follow up, 6 of these 44 had died of CEA associated cancers, 15
were heavy smokers, 2 had colonic diverticulae, 1 a peptic ulcer. On the other
hand, 18 (2%) of 912 CEA negative persons had developed CEA associated
cancers during the same time period. The 20 persons who were CEA positive
when re-examined after four years, revealed two occult cancers, one of the lung
and the other of the colon. It is concluded that the specificity of CEA and the high
levels in heavy smokers detract from its usefulness as a population screen [71].

CEA determinations were made in a group of 1800 older aged business execu-
tives by the Roswell Park group [52] and two unsuspected cancers were dis-
covered, one in the pancreas, the other in the colon; both were incurable. The
group concluded this approach was unreasonably expensive for the yield it
provided.

Hence it is unlikely that colonic cancer will be detected by CEA in its pre-
invasive phase. Whilst the majority of patients with polyps will have a low or
slightly raised CEA <4.0 ng/ml, villous polyps and large adenomatous polyps in
older patients or multiple polyps have been reported to be associated with raised
CEA levels [72].

The consensus view in 1980 was that CEA was generally unsuitable for cancer
screening due to the moderately raised levels that can occur in smokers and a
variety of benign conditions of the gastrointestinal tract [70].
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6. Pancreatic cancer

Adenocarcinoma of the pancreas presents one of the severest challenges among
gastroenterological cancers. The incidence is 4-5% of all cancers, but the prog-
nosis is usually very poor. There is an acute interest in early detection and some
progress seems to have been made. Whether this can help to stem the tide is still
not known.

6.1. Pancreatic antigens and CEA

In a large investigation of 368 patients suspected as having pancreatic cancer
carried out by three major institutions (Mayo Foundation, Memorial Sloan-
Kettering and University of Chicago) [20], the final diagnoses showed that 36%
of the patients had pancreatic cancer, 11% other cancers, 11% pancreatitis, 30%
biliary tract disease and in 12% there was no cause determined for their abdomi-
nal pain. A wide battery of tests were used including assays of gastric, parathyroid
hormone, calcitonin, glucagon, insulin, C peptide, HCG, RNase, glucose, al-
kaline phosphatase, POA and CEA. POA was the most useful predictive test in
this battery with a correct positive predictive value for pancreatic cancer in 80%
and a 73% correct negative predictive value in the other diseases. CEA tended to
be less helpful as a discriminant for pancreatic cancer: although it was raised in
85% of patients with carcinoma of the pancreas, it was also raised in 65% of other
cancers and 45% of patients with benign disease. On the other hand very high
levels of CEA were indicative of advanced tumours but gave no clues as to their
site.

Hobbs in 1982 [17] has recently reviewed his experience of POA, in 100 cases of
pancreatic cancer, 95% were positive. In a further 128 patients with various other
cancers the POA was only rarely positive; but the overlap between the levels of
POA in chronic pancreatitis and carcinoma of the pancreas was more liable to be
a source of diagnostic error. POA performed very well in the differentiation of
obstructive jaundice with only carcinoma of the pancreas giving a positive test.

Zamcheck and Martin [73] in their review of factors influencing circulating
CEA levels in pancreatic cancer point out there is a wide range of CEA levels in
relation to stage with considerable overlap. Obstruction of the common bile duct,
from any cause will tend to enhance the level of CEA, jaundice may influence the
clearance of CEA from the circulation by the hepatic parenchyma. The liver is the
main site of catabolism of glycosylated proteins of high molecular weight.

Finally, there is general agreement that patients with a raised CEA tend to
have a shorter survival time than those in whom this value is normal, but the
median survivals differ only by 2 to 3 months. This general opinion of the value of
CEA in pancreatic disease was reflected in the British Medical Research Coun-
cil’s report [74] which stated that whilst plasma CEA levels in pancreatic car-
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cinoma tend to be higher than in pancreatitis, their measurement contributed
little to the diagnosis or management of pancreatic cancer. This is reiterated in
reports of combined CEA and AFP measurements in 66 patients with pancreatic-
biliary disease in a Japanese study once more confirming that it is only very high
levels of CEA that are diagnostic and then only in widespread tumours [75].

6.2. Ribonuclease (RNase)

Among serum enzyme disturbances in pancreatic cancer those of RNase C levels
and alkaline phosphatase have attracted most attention so far. Reddi and Holland
[76] using polycytidine (C) as substrate reported that 52 normal subjects had a
mean serum RNase C level of 104 +24.3 (SD) units/ml. In 30 patients with
pancreatic cancer the mean serum level was 383 + 145 (SD) units/ml, whilst only
one in 10 patients with chronic pancreatitis had an elevated value. However, the
RNase C assay is non-specific and a low incidence of raised values were observed
in several other forms of cancer. Fitzgerald and the Memorial Sloan-Kettering
team [77] adopted the RNase C test as designed by Reddi and Holland and took
above 250 units/ml as an arbitrary discriminant level for pancreatic cancer. They
found raised levels in eight out of 16 patients (50% ) with carcinoma of the head of
pancreas, and three out of 10 (30%) with other forms of cancer. It is of interest
that this group also noted that alkaline phosphatase levels came third in their list
of investigations, after computerized transaxial tomography (CTT) and coeliac
angiography as the highest percentage correct diagnosis; in their series 82% of
patients with pancreatic cancer had a raised level, but there were 33% false
positives in a series of 184% patients under investigation.

Others have reported [78, 79, 80] there was too great an overlap of RNase C
levels between carcinoma of the pancreas, chronic pancreatitis and other primary
malignancies; RNase C levels failed to reflect the clinical changes in cases of
pancreatic cancer followed serially during a trial of chemotherapy. Studies of
RNase C before and after pancreatectomy have cast doubt that the pancreas is the
main source of this enzyme: the liver and granulocytes are thought to be major
production sites [81].

6.3. B2-microglobulin

Rashid er al. [82] observed that serum S2-microglobulin levels are raised (>3
mg/1) in 20 out of 37 (54%) patients with malignant obstructive jaundice, but this
has no diagnostic value as similar elevations occurred in 12 out of 37 (32%)
patients with obstructive jaundice due to gall stones. Serum levels of ‘immu-
nosuppressive acid protein’, now known to be a fraction of a, acid glycoprotein,
were elevated in 44 out of 46 (96% ) pancreatic cancer patients, 24 out of 26 bile
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duct cancer patients as well as in all patients with acute pancreatitis and 19 out of
26 (66%) with chronic pancreatitis. The latter reduces its value in differential
diagnosis [83].

It would appear that at present POA and alkaline phosphatase [104, 106] are
the biochemical tests of choice to obtain information that a patient may have a
pancreatic cancer. Relative to the costs of a detailed radiological and endoscopic
investigation these tests are cheap; whether they will pick up early cases is more
debatable. However, it is clear that the tests cannot be expected to be totally
specific: biliary tract cancer is one major differential diagnosis that tends to cross
react with POA and will tend to cause abnormalities of the liver function tests
which include alkaline phosphatase.

7. Liver cancer
7.1. Liver: metastatic cancer

A profile of biochemical tests, usually consisting of bilirubin, total protein,
albumin, globulin, alkaline phosphatase and transaminase levels is a standard
investigation in all hospitals. To this may be added gamma glutamyltranspep-
tidase (yGT) and 5’ nucleotidase, and lactic dehydrogenase according to local
preference. The general opinion is that of routine enzyme tests, gamma glu-
tamyltransferase (GGT), alkaline phosphatase (AP) and 5’ nucleotidase levels
are probably the most informative indices of hepatic metastatic cancer in this
array [84]. However, when the enzymes such as AP and GGT are used, small
deviations above the upper limit of normal are common in primary gastrointesti-
nal tract cancer independent of hepatic involvement and a somewhat elevated
working discriminant level may be required.

In large institutions, several additional investigations are available for the
detection of hepatic metastases, these include ultrasonic and various imaging
techniques and the current question is how can biochemical and imaging tech-
niques be combined in a most cost effective way to make a diagnosis of metastatic
cancer in the liver. In general terms there are three contrasting clinical situations:
the first is the requirement to identify the presense of relatively small amounts of
metastatic tumour, often at the limit of resolution of the various techniques
during the preoperative assessment of a patient, or during post-operative sur-
veillance of cancers known to metastasize in the liver. The second is at a far cruder
level of resolution in the patient who presents with hepatomegaly in whom
metastatic cancer is a probable diagnosis. Finally, there is the search for meta-
stases in patients with tumours in whom the prevalence of metastases tends to be
low; in this situation combinations of tests such as yGT and AP are unhelpful [85]
and scanning too expensive.

There is considerable body of evidence that the standard liver function tests are
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insensitive to small tumour burdens and provide little help to the surgeon in his
pre-operative assessment. In colon cancer, high levels of CEA are usually indica-
tive of hepatic metastases or the high probability that these metastases will
develop. Following the excision of primary colorectal cancer in patients with
known hepatic metastases, yGT levels tend to be the first enzyme to rise as the
metastases increase in size, followed by alkaline phosphatase, leucine aminopep-
tidase and 5’ nucleotidase. A rise of CEA in these patients is usually the first
marker to be disturbed. These events are of a similar pattern in patients receiving
chemotherapy as compared to those who are left untreated after surgery [84].

A recent study by Kemeny et al. [86] has compared three imaging techniques
and 13 laboratory tests in 80 patients at risk of hepatic metastases but without
clinical evidence of hepatic lesions. No test emerged as being ideal, the best
combination appeared to be a routine liver function test, one imaging technique
and CEA. In Kemeny’s study this combination gave a 76% accuracy, but small
metastases <2 cm were below the detection limits.

Tartter et al. [87] addressed the problem of what is the most cost effective way
of identifying metastases in colorectal cancer. Their experience is based on 327
patients who underwent surgery and had pre-operative CEA or liver scans. Pre-
treatment alkaline phosphatase measurements were made as a routine; using the
cut off limits of 135 IU for AP and 10 ng/ml for CEA, then the combination of
these tests had a sensitivity of 86% in 23 out of 26 patients, with hepatic
metastases, and a false positivity of 12% in 164 patients. Scanning alone demon-
strated metastases in 69% of 35 patients with hepatic metastases. They argued
that the combination of AP and CEA measurements could cut the expense by
limiting scanning to the patients in whom the tests are abnormal. A similar
argument has been proposed by Tempero et al. [88] who believe that liver scans
are best reserved for patients whose liver function tests are normal; scans when
the biochemistry is grossly abnormal are expensive and unnecessary.

The interesting point that emerges from these two studies is the benefit the
surgeon can gain from radioisotopic scanning and ultrasonic examination of the
liver in the search for small hepatic metastases. The unnecessary use of high
technology to solve questions that can readily be answered with simple tech-
niques is perhaps a mis-use of resource, and an unneccessary burden of cost to the
patient, his insurance company or the state.

In patients with hepatomegaly, the differential diagnosis is between neoplastic
disease of liver and other causes of liver enlargement. The simple strategy
outlined above will suffice; however in our experience the level of serum acid
glycoprotein (orosomucoid) is often very helpful, as it tends to be very low in
cirrhosis and raised in metastatic cancer. In a recent series 61 out of 72 (84%) of
patients with cirrhosis and chronic active hepatitis had an AGP level <1.0 g/,
whilst 57 out of 65 (87%) of patients with hepatic secondaries or malignant
obstructive jaundice had a level >1.0 g/l [72]. Among the special enzyme assay
tests that might be used to give warning of probable metastatic of primary liver
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cancer 5’ nucleotide diesterase [89] and the isoenzymes of alkaline phosphatase
[90,91] both look very promising as indices. As yet they have not been used on a
wide scale.

7.2. Screening for hepatoma

The low incidence of hepatoma in Western peoples probably makes population
screening by AFP testing cost-ineffective with the possible exception of cirrhotics
who are known to be at high risk. In Germany, Lehmann [92] made a survey of
318 cases of cirrhosis and on the basis of raised AFP levels was able to lead to the
detection of 15 clinically undiagnosed hepatomas.

Surveys in Dakar, West Africa, yielded 9 cases of hepatoma in 9864 male
subjects [93] and in Japan, Koji et al. [94] found two undiagnosed hepatomas in
1000 persons living in a hyperendemic area of hepatitis-B virus. However, these
results pale into insignificance when set against the Chinese experience in
provinces where hepatoma is endemic. The first study from China reported in
1974 on 343,999 people, using a relatively insensitive assay for AFP, discovered
149 AFP positive cases of which 129 (88.4%) were confirmed to have hepatoma
[95].

A further massive survey in the Qidong province of China of 1,786,906 persons
between 1971-1977 led to the discovery of 1026 cases of hepatoma; using sensitive
AFP assay the positivity reached 96.3%. The pick up of stage I disease could be
increased to 76% by twice yearly assays in hyperendemic areas. The two-year
survival rate for stage I disease was 69% [96]. This is an outstanding example of
the use of a biochemical marker to seek cancer in an asymptomatic population at
high risk of the disease.

7.3. Hepatocellular carcinoma

There is a marked difference in the relative frequency of hepatocellular cancer in
different parts of the world. In North America and Europe primary hepatocellu-
lar carcinoma has an incidence generally <1:100,000, far higher levels of inci-
dence occur in parts of Africa where in some areas it is the most common cancer in
males. A high incidence of hepatoma is also a feature of Japan and South East
Asia.

In general the early diagnosis of primary hepatocellular cancer can be difficult,
due to size and functional reserve of the liver. Laboratory tests need to distinguish
between the effects of any underlying cirrhosis and hepatocellular carcinoma.
The broad experience in European countries and North America shows that if an
AFP level of >20 ng/ml is adopted, then 73.86% of patients with hepatocellular
cancer will have an elevated value. However, 12.32% of Caucasian patients with
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liver cirrhosis and 12-31% with chronic hepatitis have a raised AFP which is
usually <400 ng/ml [97, 98, 99].

Typical experience of AFP and CEA as tests in the search for primary car-
cinoma of the liver in an European population is illustrated by a recent report by
Bell from Norway [100]. In six years’ experience he studied 21 cases of primary
hepatic carcinoma, 106 patients with hepatic metastases and 110 alcoholics with
liver disease. AFP was strongly elevated in ten out of 14 cases of hepatocellular
carcinoma but in none of seven cases of cholangio-carcinoma; CEA was raised in
eight out of 14 and five out of seven, respectively. In the 106 patients with liver
metastases, a CEA >5 ng/ml was present in 83% and it was >20 ng/ml in 50%.
AFP showed a moderate rise in 26% of patients without hepatocellular cancer,
and in 31% of the alcoholics the CEA was >5 ng/ml. This experience reflects the
lack of specificity of these tests in their lower ranges, AFP is well known to be
slightly elevated in several forms of gastrointestinal disease. However, once AFP
of CEA are at a high level (>1000 ng/ml and >20 ng/ml, respectively) there is
little doubt that the patient has a malignant disease.

Hepatoma in Western countries would appear to run a different clinical course
from that seen in high incidence countries. Underlying cirrhosis is not necessarily
associated with a worse prognosis in Japan [101] or Uganda [102]. In Uganda,
primary hepatoma runs a rapid course with only 20% alive after 2 years in
Primack’s series. A similar fulminating disease occurs in South African Bantu
[103].

In Western Europe the presence of cirrhosis has a deleterious effect on the
prognosis of patients with hepatocellular circinoma. The AFP levels tend to be
higher in the cirrhotic patients but once the effect of cirrhosis has been taken into
account the AFP levels play little part in predicting survival. The range of AFP
levels varied greatly in a series of 57 patients with hepatocellular carcinoma from
King’s College Hospital, London; 11 (27%) had AFP levels 10-1000 ng/ml
(slightly raised), 24 (58%) had levels 1000-10,000 and six (15%) >100,000 ng/ml
(greatly raised) [83]. This British group considered that CEA contributes little to
the diagnosis or surveillance of hepatoma [105], although it might be useful in the
few cases with normal AFP levels. This weak CEA response was also seen in
black patients in South Africa; in one series 25 out of 72 (39%) cases of hepatoma
had a raised CEA, but it was >20 ng/ml in only three [106].

High levels of acute phase reactant proteins have been observed in Japanese
[107] and African hepatomas [72]; acid glycoprotein and antichymotrypsin levels
are raised above normal, compared to their depressed levels in cirrhosis.

In countries where hepatocellular carcinoma is prevalent the use of a higher cut
off level for AFP is common practice, especially as African hepatoma patients
tend to have higher levels of AFP than Europeans with the tumour [108]. Using
simple radial immunodiffusion techniques and a discriminant level of 10,000
ng/ml, surveys conducted ten years ago showed a positivity of between 53-80% in
Japan and several African countries [8]. Radioimmunoassay using a cut off of
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>20 ng/ml in Japan showed an overall percent positivity of 89% in 515 patients
[8]. However, in three Japanese studies 20.7% of 395 patients with cirrhosis also
exhibited a raised AFP. A persistently raised AFP in cirrhosis suggests the
development of a hepatoma [109]; levels of >400 ng/ml are particularly suspicious
of neoplastic change [8].

The rates of change in AFP levels are a reflection of the differentiation of
hepatocellular carcinoma. Matsumoto et al. [110] in a study of 96 Japanese
patients found poorly differentiated tumoprs could produce a rise of >10,000
ng/ml in one week, in moderately differentiated tumours the AFP tended to rise
at a rate of 1000 ng/ml in 3 to 4 months, and in well differentiated and anaplastic
tumours both tend to have levels <200 ng/ml throughout the illness.

8. Future developments

As yet there are no totally reliable biological indicators of early cancer in the
gastrointestinal tract, perhaps the most encouraging is POA in pancreatic cancer.
Analyses of gastric juice need a high compliance of the population at risk,
Hikkinen’s [35] studies in Finland can provide the basis of cost-effectiveness
calculations. Intensive effort is being made to find and identify new antigens that
have cancer-specific properties; the complexities of those already identified are
set out in recent reviews [111-112].

8.1. Clinical application

It has been seen that with some exceptions, both tumour specific and non-specific
markers are only significantly elevated when the tumour volume is major or has
produced some clinical effect. Thus it is unlikely that these markers can have a
realistic role in population screening for early gastrointestinal cancer nor can they
supplant the need for endoscopic or radiological investigation of the symptomatic
patient.

However, it does appear that these markers impart considerable information
on the prognosis of tumour bearing patients. Again this may be of limited value
where the patient suffers symptoms of a destructive nature, but there are many
elderly patients with massive tumours and symptoms only of a debilitating nature
who have little to gain in survival time by laparotomy and palliative resection. If
the prognosis is seen to be accurately predicted by marker levels, then these
patients may be more appropriately treated by supportive measures alone.

It may also be appropriate to run this prognostic data to define subsets of
patients who respond positively to certain forms of adjuvant treatment after
resection of the primary tumour. Furthermore the levels of various markers may
also indicate the appropriate patient for second look surgery. It may so prove that
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patients with a slow rate of rise in levels of tumour specific markers have
confirmed recurrence whereas those with elevated non-specific markers have a
widespread metastatic involvement and are thus unlikely to benefit from further
exploration. The time has arrived when more practical use is demanded of
marker levels and that recognized non-specific markers as an index of host
response impart as much practical information as those measuring tumour cell
activity.

Non-specific tests obviously present difficulties in interpretation but can add
important information for the stratification of patients. This form of stratification
may play an important part as we move towards the selection of chemotherapy
either in an adjuvant or palliative sense. The drugs available so far for the
treatment of gastrointestinal cancer are not especially effective and the force of
mortality operating on a normal homogenous group of patients varies widely. We
now have the ability to define these subsets more distinctly and the advantage that
the biochemical indices are provided by analytes that are stable on storage, and, if
necessary, can be sent to a few reference laboratories for measurement.

In the realms of non-specific tests the urinary excretion of the by-products of
transfer RNA (tRNA) looks most promising [113]. The basis of this approach is
the finding that tRNA methylating enzymes in cancer are hyperactive, compared
to their normal counterparts or benign tumours. This leads to the liberation of
excess and unusual forms of methylated nucleosides into the circulation and their
excretion by the kidney. The separation and quantitation of these products by
high performance liquid chromatography has shown that a spectrum of nu-
cleosides are increased in the urine of cancer patients that are normally controlled
within narrow limits in health. The evidence is convincing for advanced cancer,
the question that is unanswered is whether the system can be simplified to analyse
one of two analytes and what will be the minimal tumour load to analysis can
detect.

The assay of plasma lipid bound sialic acid, developed by Katopodis and Stock
[114] appears to show promise as a simple universal test in cancer as indicated by
studies at the Memorial Hospital [115]. The role of this test in the cadre of
biochemical investigations needs to be defined, so far it has several features that
make it attractive.

Appendix

(by Lesley Struthers, Unit for Cancer Research, University of Leeds).

9. Statistical methodology

Statistical analysis is needed to quantify the effect of a biochemical marker
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whether it is used as a discriminant factor in the diagnosis of disease or as a
prognostic term. The concentration for a given protein, enzyme activity or other
type of analyte in body fluids will vary both intrinsically within the control
population, and may show a wider variation within a group of patients bearing the
same tumour. Preliminary studies of analytes that might be used for a tumour
marker are often conducted on small groups of patients representing a variety of
tumour types. But at best this type of study could only suggest that a formal study
should be made. It is now clear that stage and other powerful biological differen-
ces of tumour can make tumour markers superfluous, although a univariate
analysis of the data can produce highly significant results. It can be seen from the
examples quoted in this review that even large studies involving several hundred
patients do not necessarily agree that a marker contains diagnostic or prognostic
information. Furthermore, these studies do not usually include any form of
randomization. So then results must be treated with caution until they are verified
by further studies of a similar magnitude. If the analyte is being examined where
there is a comparison of different forms of treatment then it is essential that the
biochemical studies should run in parallel with a randomized clinical trial of the
treatment.

To make the analysis convenient it is often the practice that the continuous
measurements of biochemical markers are divided into groups such as normal,
and raised levels (or raised levels can be sub-divided into a series of arbitraty
steps). This creates the difficulty of what is the cut off level for a given test (the cut
off level being the point of division between those analytes that are normal and
those that are raised). In some biochemical markers used in the study of cancer,
standard cut off levels have been adopted, for example 2.5 ng/ml and 5 ng/ml for
CEA depending on the investigator’s confidence in this analyte as a marker.
These cut off levels can be calculated by using a set of controls; the controls should
be ‘normal’, healthy persons and a reasonably large number of such persons
should be examined. Their age and sex should be appropriate to the clinical
setting in which the marker is to be used. If the tumour marker has a normal
distribution then a raised value is a measurement above £ + 2 s.d. where x is the
mean and s.d. the standard deviation. If the distribution is skewed then a log
transformation will often give ‘normality’. This would give roughly 2'/,% of the
‘normal’ healthy population with values greater than the cut off value. By using a
binary variable instead of the actual value of the biochemical marker, a great deal
of information is being thrown away.

Many biochemical measurements can be used as prognostic factors in patients
with cancer. However, a biochemical marker will only be of importance if it still
can contribute prognostic information once the clinical details are taken into
account. Sequential analysis is one way of critically examining whether a marker
will fulfil this criterion. A mathematical model is built, starting with the powerful
prognostic factors such as tumour stage, tumour differentiation, patient’s age, sex
etc. Then each potential tumour marker is examined to see whether it can
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produce any additional effect in the model, the objective being to sub-divide the
population with respect to their survival and so the model is gradually built up to
eventually include the best combination of prognostic terms or by a similar logic
diagnostic terms. A problem that can arise in multivariate analysis is that interac-
tion terms can be important so that all the variables in the final model should have
their interaction terms checked. An interaction term between two variables is due
to the effect of one variable not having a constant effect with the other on the
dependent term. For example, the difference in survival between Dukes’ A en B
and Dukes’ C colorectal cancer, being greater in younger persons than in older
patients.

9.1. Discriminant analysis

If patients can be sub-divided into two or more diagnostic groups, then we can test
to what extent biochemical markers can help in this grouping by discriminant
analysis. The use of a stepwise analysis will mean that only those variables which
help to discriminate between the groups will be included in the discriminant
function. The variable can include both clinical and biochemical measurements.
There are two main types of discriminant analysis: classical discriminant analysis
[116], and logistic discriminant analysis [117, 118, 119]. There are advantages and
disadvantages with all these types of discriminant analysis and these should be
examined before using them. There are a number of statistical packages now
available with the facility of using discriminant analysis: BMDP-81, SPSS 9, SAS,
and Genstat.

In tumour marker studies that involve two groups, the biochemical measure-
ments are continuous and often have skewed distributions in one group but not
the other, which makes logistic discriminant analysis the ideal tool.

9.2. Survival analysis

In a high mortality cancer study, time to death is usually the event of interest but
time to other events such as recurrence and remission would use exactly the same
methodology. It is often of interest to see whether biochemical measurements
taken before treatment are related to survival time. It is also possible to test a
biochemical measurement for prognostic effect once clinical factors have been
taken into account.

There are a number of statistical methods available for survival analysis and the
method used will largely depend on the computing and statistical facilities avail-
able. The simplest and most frequently used method is what is now commonly
known as the log rank test. Kaplan Meier [120] survival curves are usually used in
conjunction with the log rank test to illustrate the differences between survival
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curves. Both procedures require little statistical assistance, but it is highly recom-
mended that the researcher reads Peto et al. [121] paper before even commencing
the study.

The regression model is a more sophisticated statistical method, in which the
actual measurements of the biochemical analytes are used rather than discrete
measurements. However, this type of analysis usually requires expert advice and
access to a large main frame computer. The net advantage is that more informa-
tion can be obtained that relates to the prediction for an individual patient.

9.3. Kaplan-Meier survival curves

Product limit estimate P(¢) of Kaplan & Meier [120]

in—1
P(t(i)) = ﬂl
j=

n

where the times of death are ordered such that #, <t <...<{; and n, is the
number of patients still under observation at f; including the one that died at 7.

Log rank test
With two groups A and B

(OA - A)2 (OB - EB)2
= +

EA EB
where O, = observations, number of deaths in Group A.
E, = expected number of deaths in Group A.
Oy = observations, number of deaths in Group B.
E; = expected number of deaths in Group B.
E = i No. of deaths on day i X No. at risk in Gr. A on day i
A = No. at risk on day i
k = number of distinct survival times.

Using 2 groups X? can be compared with Chi-square distribution with 1 df (3.84)
at the 5% level. The log rank statistics can be calculated when accounting for
another factor. An illustrated example can be found in Peto et al. [120].

In practice X? will be calculated in a slightly different way [121, 122].

9.4. Regression models

There are a number of parametric regression models which make assumptions
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about the hazard function. The hazard function, A(t), is the instantaneous rate of
failure at # given the patient has survived to ¢. The most commonly used models
have been the exponential and Weibull, and further discussion about such models
and others can be found in Gross and Clarke [124] and Kalbfleisch and Prentice
[125].

Cox [126] suggested a regression model in which no assumptions are made
about the shape of the hazard and it is related to the marker and clinical
measurements by

h(t) = h.(t) exp (8'x)
Bx=px+pBx,+...+8,x,

where h,(f) remains unknown and x,, x,, . . . x, are the p variables (biochemical
and clinical measurements). A partial log likelihood can be obtained [127] and
from it the §’s which are allowed to vary are estimated by maximum likelihood
and so an estimate of the log-likelihood is obtained to allow for significance
testing via the likelihood ratio test. Each biochemical measurement and clinical
factor can be tested individually and then the effect of a possible marker can be
tested once the prognostic clinical measurements have been accounted for.

A check of the model is essential and this can be performed using the method
described by Cox and Snell [128]. If the model is shown to be a reasonable fit of
the data, the survivorship function can be estimated [129]. When a survival curve
is calculated and a continuous variable is in the model, then an actual value for
this variable must be chosen and care should be taken not to choose extreme
values. Confidence limits for the survival curves have been calculated by
O’Quigley [130].
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2. Newer concepts regarding staging of gastro-
intestinal malignancy

J. KIRK MARTIN, JR. and OLIVER H. BEAHRS

1. Introduction

There can be no question concerning the value of staging in cancer treatment.
With increasingly complex multimodality treatment, selection of therapy is based
on accurate staging. Properly evaluating the extent of disease also allows the
physician to discuss precisely the prognosis with the patient [1]. The use of a
staging system makes possible valid comparisons between reporting of end results
from various centers. Epidemiologic studies are facilitated by proper grouping of
patients based on staging. Finally, changing trends in incidence or prevalence of a
type of cancer can be quickly demonstrated with appropriate staging.

Staging is not an exact science [2], nor it is always easy to reach agreement on
the extent of a lesion at a particular anatomic site. Classification by stage is,
however, the best available method to group similar subsets of a disease type to
determine appropriate treatment and end results of management.

Staging is based upon the assumption that malignancy develops in a somewhat
orderly fashion from a single transformed cell, through a localized tumor, to a
tumor with invasion of surrounding structures, lymphatic permeation, and finally
to systemic dissemination (Fig. 1). For most malignancies, a statistically signifi-
cant difference in prognosis can be demonstrated between tumors not yet involv-
ing regional lymph nodes and tumors metastatic to regional nodes. Because it is
not always clinically possible to determine regional lymphatic involvement,
differences in staging will exist between pretreatment clinical stating and post-
surgical resection staging. It is extremely important to separate cases in groups
that are staged chronologically as clinical diagnostic or as postsurgical resection-
pathologic for purposes of reporting or comparing data.

J.J. DeCosse and P. Sherlock (eds), Clinical Management of Gastrointestinal Cancer.
© 1984, Martinus Nijhoff Publishers, Boston. ISBN 978-1-4612-9790-1
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Figure 1. The evolution of a malignancy based on tumor size (T), regional lymph node involvement
(N), and distant metastasis (M) is shown. (From Manual for Staging of Cancer 1978, p. 1, which was
prepared by the American Joint Committee for Cancer Staging and End-Results Reporting.)

2. Staging systems

The most comprehensive and precise classification of cancer stage is the TNM
system [3] adopted by the American Joint Committee on Cancer (AJCC) [1].
Three important events in the evolution of a malignant tumor are identified. The
extent of the primary tumor (7), the status of regional lymph nodes (N), and
distant metastases (M) are recorded. The AJCC classifications are designed, in
many instances, to be compatible with the International Union Against Cancer
(UICC) system. The TNM system is further described according to the chronol-
ogy of the period used to establish the stage of the tumor. Five terms are used:
c¢TNM (clinical-diagnostic), STNM (surgical-evaluative), pTNM (postsurgical
resection-pathologic), rTNM (retreatment-clinical diagnostic), and aTNM
(autopsy). Definition of the classification is shown in Table 1.

Recommendations regarding staging of cancers have been made for many
years. An example is that of Dukes for cancer of the rectum [4,5]. This method,
suggested by Lockhart-Mummery and Dukes in 1928, correlated survival of
carcinoma of the colon and rectum with progressive stages of intestinal wall and
lymph node involvement [6] (Fig. 2). Modifications of the system by Gabriel [7],
Kirklin [8], and Astler and Coller [9] all represented refinements in the accuracy
of the system. The modification by Astler and Coller probably represents the
most widely used form of Dukes’ classification today but is still devoid of a
category for a tumor that penetrates the bowel wall without regional node
involvement. The classification is also limited to pathologically staged tumors and
is not applicable to clinical staging.
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2.1. Clinical staging

With the advent of increasingly sophisticated diagnostic tests, clinical staging has
become more accurate. These methods are especially good at detecting dissemi-
nated disease and distant metastases. The use of computerized tomography(CT)
and ultrasound will be discussed elsewhere, but suffice it to say that numerous
studies have applied and compared the tests and their relative merits in staging
[10-13]. The use of CT in assessing pancreatic lesions is particularly valuable [10,
11, 13]. Radioactive scans have also played a part in clinical staging [13, 14].
Fiberoptic endoscopy has been used frequently in diagnosis and staging of gastric
cancer [15], and peritoneoscopy may be useful in establishing extent of disease
and providing tissue for histologic examination [16, 17]. Coupland and associates
[16] found peritoneoscopy to be diagnostic in 86% of 236 patients. The develop-
ment of fine needle aspiration cytology or core biopsy using CT, ultrasound, or
fluorescopic guidance has enabled the radiologist to provide diagnostic tissue

Table 1. Definition of symbols?

Three capital letters are used to describe extent of cancer

T Primary Tumor

N Regional Lymph Nodes

M Distant Metastasis
Type of classification

c Clinical-diagnostic

s Surgical-evaluative

p Postsurgical resection-pathologic

r Retreatment

a Autopsy
This classification is extended by the following designations:
TUMOR

TX Tumor cannot be assessed

TO No evidence of primary tumor

Tis Carcinoma in situ

T1, T2,

T3, T4 Progressive increase in tumor size and involvement
NODES

NX Regional lymph nodes cannot be assessed clinically

NO Regional lymph nodes not demonstrably abnormal

N1, N2,

N3, N4 Increasing degrees of demonstrable abnormality of regional lymph nodes
METASTASIS

MX Not assessed

MO No (known) distant metastasis

M1 Distant metastasis present

Specify sites of metastasis

a This material is taken from p. 4 of the Manual for Staging of Cancer 1978, which was prepared by the
American Joint Committee for Cancer Staging and End-Results Reporting.
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Figure 2. The modifications of the Dukes’ staging system are depicted. The most widely used system is
currently the Dukes-Astler modification. (From Beart RW, van Heerden JA, Beahrs OH: Evolution
in the Pathologic Staging of Carcinoma of the Colon. Surg Gynecol & Obstet 146: 257-259, 1978. (By
permission of Surgery, Gynecology & Obstetrics.).)

from patients suspected of having malignant tumors [18]. Fine needle biopsy has
been an important advance in clinical staging and has provided the opportunity
for careful operative planning, as well as identification of patients with advanced
disease [19]. Adequate samples for cytologic and histologic analyses were ob-
tained in 97% and 89%, respectively, of 150 cases reported by Wittenberg and
associates [18].

Despite careful clinical evaluation using multiple diagnostic techniques, some
difference will usually be apparent between clinical and surgical staging. The
most difficult site to correctly stage is the pancreas; however, liver metastases
from colorectal cancers also have proven to be hard to detect [20]. The import-
ance of the problem can be appreciated when early data from our institution’s
intraoperative radiotherapy experience are examined. Even with the use of all
available diagnostic tests, 7 of 21 (33%) patients with pancreatic carcinoma
thought to be localized were found to have disseminated disease at operation.
The most common finding was hepatic metastases, followed by peritoneal seed-
ing [21]. Anupdate of this experience reconfirms this discrepancy in clinical stage,
16 of 46 patients (35%) felt to have localized pancreatic lesions, in fact, had
distant metastases. The use of biochemical testing in detection of liver metastases
is discussed by Huguier and Lacaine [22].
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2.2. Carcinoembryonic antigen

At the present time, staging reflects the anatomic extent of the tumor. In the
future, biological markers will undoubtedly be another parameter in staging of
some tumors. An example is the carcinoembryonic antigen. The identification by
Gold and Freedman [23] of carcinoembryonic antigen (CEA) in 1965 sparked
much investigation into the role of the glycoprotein in the diagnosis of cancer.
Two facts have emerged. First, many authors have described the usefulness of the
CEA in preoperatively predicting stage of disease [24-34]. Preoperative CEA
elevations (greater than 2.5 ng/ml) are present in 81% of colorectal and 90% of
pancreatic tumors [37]. Wanebo and associates [33] found CEA levels to correl-
ate with stages of disease. The preoperative levels in patients with resectable
Dukes’ B and C cancer proved to be an additional cirterion for allocating patients
to high or low risk for recurrence. Arnaud [28] noted increasing levels of CEA
with advancing stages of disease, and Staab [27] reported results indicating CEA
was an independent prognostic parameter. CEA levels above 20 ng/ml are
suggestive of liver metastases or disseminated disease [25, 26, 33], and approx-
imately three-fourths of patients with advanced disease will have CEA elevations
[33]. Goslin et al.[30] applied preoperative CEA levels to stratify patients with
Dukes’ C colon cancer. An elevated preoperative CEA should return to normal,
usually within one month, following resection of all tumor [28,32,37]. A per-
sistently elevated postoperative CEA is a grave prognostic sign.

Second, CEA has been used to predict recurrent cancer [36-44]. Rising CEA
levels will predict recurrent tumor with significant accuracy [36, 39, 41, 43, 44].
Furthermore, the CEA elevations can preceed the clinical appearance of recur-
rent cancer by months [28, 34, 38]. Unfortunately, this early detection does not
always translate into better survival [43]. Martin et al. [44] reported retrospec-
tively that only 6 of 22 patients explored because of rising CEA had resectable
tumor. However, in a prospective study, 23 of 38 patients explored for rising

CEA had resectable tumor, the increase presumably due to earlier reoperation.
The mean CEA value in patients with resectable recurrences was only 6.5

ng/ml and the time between CEA rise and operation was 1.4 months, whereas in
patients with unresectable recurrence the average CEA was 15.6 ng/ml and the
interval 4/, months.

The rate of rise seems to be of some predictive value, Steele et al. [42] noting
that CEA rises greater than 2.1 ng/ml in 30 days were uniformly associated with
unresectable recurrences. Attiyeh and Stearns [36] also found lower CEA levels,
shorter time intervals to reexploration and slower rates of CEA rise were all
directly related to resectability rate.

A promising approach using CEA in the detection of malignancies was re-
ported by Mach and colleagues [45]. Purified ®'I-labelled goat antibodies against
CEA were injected into 27 carcinoma patients who were subsequently scanned
with a scintillation camera. Only the anti-CEA antibodies localized in tumors,
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and in 11 patients radioactivity was detectable in the tumor at 48 h. Unfortunately,
the antibody-derived radioactivity in the tumor was quite small, and they con-
cluded that the method was not yet clinically useful.

Another use of CEA is in suggesting the primary site in patients found to have
metastatic disease. Koch and McPherson [46] found a CEA level above 10 ng/ml
suggestive of a primary of entodermal origin, breast or ovary. A CEA of below
10 ng/ml was of no use in pointing to a particular primary. Other biochemical
markers, such as ceruloplasmin, have not been found to be as useful as CEA.
Linder et al. [47] found significantly elevated ceruloplasmin levels in patients with
gastrointestinal cancers, and the specificity and sensitivity seemed to be especially
high for large bowel cancer.They also found that although levels do not return to
normal rapidly following resection, they do return to normal or near-normal
levels when the disease is in remission. The authors concluded that despite the
fact that ceruloplasmin levels correlated with TNM stage, its use in diagnosis,
prognosis, and monitoring was limited.

3. Staging specific malignancies

Staging classifications vary somewhat according to anatomic site. In an effort to
review newer concepts of staging, each specific gastrointestinal malignancy will
be individually discussed. Where appropriate, alternatives to the TNM system
will be mentioned.

3.1. Colorectal cancer staging

Colorectal cancer is the second most common cause of cancer death in both males
and females (Fig. 3). The estimated incidence in 1983 is 126,000 cases with over
58,000 deaths [48].

Historically, the Dukes’ classification was proposed as a staging system for
carcinoma of the colon and rectum [6]. Inadequacies in describing certain colonic
tumors have been presented [5], and the TNM classification allows more exact
comparison. Survival data for colon and rectal carcinomas have shown sufficient
similarity to allow the use of a single classification for both sites [1, 49]. It is
important to specify the anatomic location of the malignancy, however, and the
traditional terminology is cecum, ascending colon, hepatic flexure, transverse
colon, splenic flexure, descending colon, sigmoid colon, and rectum. Anal can-
cers are usually considered separately owing to their multiple pathological types
and potentially different metastatic routes of spread. The rectum is variably
defined, but it usually is taken to be the distal 12 cm of bowel above the dentate
line. Stage groupings for colorectal cancers are shown in Table 2.

Important pathologic factors assessed in staging colorectal cancers include
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Figure 3. Age-adjusted cancer death rates for selected sites, females (left) and males (rights), United
States, 1930-1978. Data from the U.S. National Center for Health Statistics and U.S. Bureau of the
Census. (From Ca—A Cancer Journal for Clinicians 33: 16-17, 1983. Published by the American
Cancer Society (By permission).

depth of tumor invasion through the bowel wall, lymphatic involvement, and
distant metastases [1, 49, 50, 51]. Stages of disease can be shown graphically to
correlate with survival [48, 49, 51]. Data from the American College of Surgeons
Commission on Cancer reported five-year survival rates ranging from 76% for
patients with localized disease, 43% for patients with regional lymph node
metastases, to a mere 5.5% for those with distant metastases [51].

Additional pathologic factors related to prognosis have been examined [52, 53,
54, 55]. The absence of mucinous components in the tumor and the presence of
lymphoplasmocytic infiltration in or around the tumor were found to be signifi-
cant favorable prognostic factors by de Mascarel and associates [54] in France.
Dukes’ A and B stages were also favorable survival criteria. Patt et al. [56]
reported a relation to survival for patients with lymphatic sinus histiocytosis and
paracortical hyperplasia in colon cancer. Gannon and colleagues [57] noted the
presence of tumor associated cytotoxicity is dependent of the stage of disease in
patients with colorectal carcinoma. Although lymphatic vascular or perineural
involvement did not affect survival when analyzed according to stage in de
Mascarel’s series, others have found vascular involvement by tumor emboli a
poor prognostic sign [53, 58]. Talbot et al. [53] examined 703 rectal cancers and
identified venous invasion in almost 52%. The authors concluded, ‘... the
corrected 5-year survival rate was significantly worse and liver metastases de-
veloped more frequently when venous invasion was present’. Extramural local
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tumor invasion was reported by Wood and associates [52] to be a poor prognostic
factor, and they proposed a modified staging system based, not on lymphatic
metastases, but rather on local tumor invasion. Although tumor invasion is
clearly an important variable, the TNM classification provides for these data [1].
The use of random liver biopsies in patients with palpably normal livers has been
suggested by Rosenbloom and colleagues [55] as a means of more accurate
staging, though the yield of unsuspected positive biopsies is unknown.

The incorporation of clinical data with pathologic data to develop more exact
staging and prognostic information has been proposed [59, 60, 61]. The calcu-
lations involved are somewhat complex, and even if they provide greater specif-
icity than the usual TNM system, their use is likely to be limited. A clinical staging
system for rectal cancer has been proposed by Nicholls and associates [62]. The
use of clinical staging rather than pathologic staging might, they postulate, enable

Table 2. Stage grouping of cancer of the colon and rectuma

Stage 0
Tis NO MO
Carcinoma in situ as demonstrated by histologic examination of tissue (biopsy or other)

Stage 1
Stage 1A
T1 NO MO
T1 NX MO
Tumor confined to mucosa or submucosa with no demonstrable metastasis to regional lymph
nodes and no evidence of distant metastasis
Stage 1B
T2 NO MO
T2 NX MO
Tumor involves muscularis but has not extended beyond serosa with no demonstrable metastasis
to regional lymph nodes and no evidence of distant metastasis

Stage 11
T3-5 NO MO
T3-5 NX MO
A tumor that has extended beyond the bowel wall or serosa with no demonstrable metastasis to
regional lymph nodes and no evidence of distant metastasis

Stage 111
Any T N1 MO
Any degree of penetration of bowel or rectal wall by tumor with metastasis to regional lymph
nodes but no evidence of distant metastasis

Stage 1V
Any T Any N M1
Any degree of penetration of bowel or rectal wall by tumor with or without metastasis to
regional lymph nodes and with evidence of distant metastasis

2 This material is taken from p. 80 of the Manual for Staging of Cancer 1978, which was prepared by
the American Joint Committee for Cancer Staging and End-Results Reporting.
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clinicians to facilitate the choice of patients for local excision or preoperative
radiotherapy. In their experience, one major deficiency of clinical staging was the
correct prediction of regional lymph node involvement which ranged from only
8% to 55% when compared with pathologic findings. Thus, based on clinical
staging, these patients might have been listed and treated as NO or Dukes’ B
rather, than N1 or Dukes’ C. This could make comparison of treatment options
exceedingly difficult. Finally, symptom duration has been related to survival of
patients with rectal cancer [63]. McDermott et al. [63] found that symptom
duration in 1,081 patients with carcinoma of the rectum was not related to sex,
age, tumor site or stage, but survival following resection was better for patients
with symptoms of greater than 12 months’ duration as compared with those
having symptoms less than three months. There was also a significant difference
between symptoms of more than six months and those of less than six months.

An important consideration in staging colorectal cancer is the detection of
synchronous tumors. Welch [64] found the incidence of synchronous large bowel
cancer to be 1.7%, and Burns [65] reported the incidence to be 2.7%. Preopera-
tive assessment should include a barium enema or colonoscopy to examine the
entire colon, but intraoperative palpation continues to be important.

3.2. Anal cancer staging

The American Joint Committee on Cancer has not established firm guidelines for
staging of cancer of the anus. Others argued that, because of the various levels
lymph node metastases may be found with anal cancer, the staging classification
should be modified from that for the colorectum. Paradis and associates [66]
proposed a system incorporating the lymphatic groups commonly affected by
metastases. They subdivided Stage III (nodal metastases — N1) into III-A with
perirectal lymph node involvement only and III-B with inguinal node involve-
ment. Stage IV then included patients with distant metastases or para-aortic node
involvement. The authors also commented on the poor prognosis of patients
presenting initially with inguinal metastases.

3.3. Pancreatic cancer staging

Laparotomy and surgical assessment remains the most accurate method of estab-
lishing the stage of pancreatic cancer [1,67]. Data pertaining to newer diagnostic
methods, including computed tomography, have been previously cited, however,
one is still often unable to correctly predict stage of disease preoperatively.
Pancreatic cancer is seldom localized.

Of nearly 1,300 patients with cancer of the pancreas treated at our institution
over a 25-year period, only 13% were localized [68]. Cancer Patient Survival
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Report Number 5 [69], covering 1970-1973, found only 15% localized, 14% with
regional metastases and 61% with distant spread at the time of diagnosis. Simi-
larly, the Cancer of the Pancreas Task Force of the American Joint Committee on
Cancer found only 12% of tumors to be Stage I and 68% to be Stage IV [70].
There was no statistical difference in survivorship between patients with Stage II
and III disease, but the differences between Stages I, II, III, and Stage IV were
significantly different at one year (p<<0.05). Precise staging is particularly impor-
tant in trying to select and assess newer forms of combined modality therapy such
as intraoperative radiation.

3.4. Staging of liver, biliary tract and gallbladder cancer

Staging of primary cancer of the liver, biliary tract and gallbladder was not
included in the American Joint Committee on Cancer Manual [1] published in
1978 but is included in the revision published in 1983 [85]. Foreseeing a need to
accurately classify these malignancies, Fortner et al. [71] published his experience
with liver cancer using a three-stage system. Stage I included patients with
complete resection, Stage II patients with regional spread or residual disease, and
Stage III patients with distant metastases. Survival correlated well with the
stages. The value of preoperative angiography in hepatic tumor staging was
demonstrated by Adson and Weiland [72]. Over 80% of tumors evaluated
surgically were found to be resectable. The use of percutaneous or peritoneo-
scopic biopsy deserves comment. Their use in histologic confirmation of unresec-
table lesions is reasonable, but their use in potentially resectable lesions may lead
to dissemination of malignant cells [72].

The forthcoming edition of the AICC staging classification will also stratify
patients according to the presence or absence of cirrhosis. The presence of
cirrhosis has been reported to be a poor prognostic sign [71].

Bile duct and gallbladder cancers may also be staged using the TNM system.
Tompkins and associates [73] examining prognostic factors in bile duct carcinoma
found the most significant difference in survival rates appeared to be the location
of the lesion. Lesions in the lower third of the bile duct were most often resectable
and had a five-year survival rate of 28%, whereas 12% of patients with lesions in
the middle third survived five years, and there were no five-year survivors with
the lesions of the upper third of the bile duct. Unfortunately, nearly one half
(49%) of the cancers were located in the upper third of the bile duct, and only
19% in the lower third.

A staging system for gallbladder cancer was proposed by Nevin and colleagues
[74]in 1976, and applied by Wanebo et al. [75] in 1982. Whereas Nevin found that
survival clearly correlated with stage of disease, Wanebo could demonstrate no
prognostically favorable subgroup by microstaging. Like pancreatic cancer, car-
cinoma of the gallbladder is rarely discovered at a localized stage.
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3.5. Gastric cancer staging

The striking decrease in the incidence of gastric cancer during the past several
decades has not affected the need to correctly stage this malignancy. The liberal
use of upper gastrointestinal endoscopy has permitted the more frequent diag-
nosis of ‘early’ gastric cancer. Fielding et al. [76] found these favorable tumors,
with penetration limited to the submucosa and negative regional lymph nodes, to
comprise less than one percent (0.7%) of gastric cancers. Nodal metastases are
associated with mucosal lesions in about 9% of cases and with submucosal lesions
in 17% [77]. Staging of gastric cancer correlates well with survival, and Cady and
associates [78] found location, clinical type (superficial, infiltrative, and polypoid
or ulcerative), histologic type (histologic patterns were defined as diffuse, intesti-
nal, mixed, or other), tumor size, and number of lymph node metastases all to be
significant.

ReMine [79], reviewing over 2,000 patients with carcinoma of the stomach,
found survival to correlate closely with regional node involvement and histologic
grade of the tumor. Five-year survival in patients with negative lymph nodes
(57.9%) was far better than in patients with positive nodes (14.2%). According to
histologic grade, five-year survival ranged from 74% in well-differentiated grade
1 lesions to 21% in undifferentiated grade 4 tumors. Finally, in patients staged
according to Dukes’ classification, five-year survival was 89.5% for Dukes’ A,
55.6% for Dukes’ B, and 14.7% for Dukes’ C. Size also was found to influence
survival.

The TNM system provides for accurate staging of gastric cancer.

3.6. Other gastrointestinal cancer staging

Staging of esophageal cancer has been discussed using the TNM system [2].
Differences in survival are related to tumor depth and nodal metastases. The
influence of lymph node involvement was shown nicely by Akiyama et al. [80]. In
205 patients with resection of a carcinoma of the esophagus, positive nodes were
found in 59%. Five-year survival clearly followed nodal status (54% vs. 15% for
negative and positive nodes, respectively). He emphasized that complete nodal
dissection, not only of the mediastinum, but also of the abdomen was important
for staging. Even with tumors of the upper esophagus, superior gastric node
metastases were found in 32% of cases. Conversely, when the tumor is located in
the lower esophagus, positive superior mediastinal nodes were found in about
10%.

Carcinoma of the small intestine is unusual, accounting for only about 3% of
gastrointestinal malignancies [81, 82]. Preoperative diagnosis is difficult [81, 82,
83], and surgical staging is certainly the most accurate method of assessing extent
of disease. Metastases are frequently present at the initial operation. Of 327
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patients with small bowel cancer resected at the Mayo Clinic over a 25-year
period [83], the ileum was the site in 41% of the neoplams, the jejunum in 36%,
the duodenum in 18%, and 5% were not specified. Only five tumors were smaller
than 1 cm whereas 48% were larger than 5 cm. Metastases to the liver occurred in
40 cases, of which 62% were carcinoid tumors. Adenocarcinoma made up 39% of
tumors histologically, while carcinoid accounted for 21%, lymphomas for 19%,
and leiomyosarcomas for 14%. The remaining 7% were miscellaneous types.
Norberg and Emas [82] found lymph node metastases to be of no prognostic value
in 15 patients. This could have been due to small sample size or advanced stage of
the tumors. It would seem to remain an important staging factor.

4. Conclusions

Progress in treating patients with cancer depends on accurate evaluation of
results. Meaningful data comparison is possible only with precise, uniform stag-
ing of disease. The development of a ‘common language’ to describe results, as
advocated by Miller et al. [84] is imperative. Staging of malignancy according to
the TNM classification adopted by the American Joint Committee on Cancer
would seem to be the logical choice. Data forms for each anatomic site have been
developed [1] and their use will aid in the collection of complete data. Their use
will also facilitate interinstitutional analysis.

The development of more sophisticated diagnostic tests is improving the ability
of the physician to clinically stage cancer, yet the most accurate information is
derived from surgical/pathologic staging.

The current recommendations of the American Joint Committee on Cancer for
staging of malignant tumors of the alimentary tract, which was published in 1983,
are as follows (new ref):

Esophagus
1. TNM clinical diagnostic classification for cervical esophagus only

Primary Tumor (T)

TO No demonstrable tumor in the esophagus
TIS Carcinoma in situ
T1 A tumor that involves 5 cm or less of esophageal length, that pro-

duces no obstruction, and that has no circumferential involvement
and no extraesophageal spread

T2 A tumor that involves more than 5 cm of esophageal length without
extraesophageal spread or a tumor of any size which produces
obstruction of that involves the entire circumference but without
extraesophageal spread
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T3 Any tumor with evidence of extraesophageal spread

Nodal Involvement (N)

Cervival esophagus: The regional lymph nodes in the cervical esophagus are the
cervical and supraclavicular nodes.

Thoracic esophagus: Regional lymph nodes for the upper, midthoracic, and
lower thoracic esophagus are not ordinarily accessible for clinical evaluation.

NX Minimum requirements to assess the regional nodes cannot be met
NO No clinically palpable nodes

N1 Movable, unilateral, palpable nodes

N2 Movable, bilateral, palpable nodes

N3 Fixed nodes

Distant Metastasis (M)

MX Minimum requirements to assess the presence of distant metastasis
cannot be met
MO No (known) distant metastasis
M1 Distant metastasis present
Stage grouping
Clinical-diagnostic classification for cervical esophagus
Stage I T1 NO MO
Stage 11 T1 N1, 2 MO
T2 NO-2 MO
Stage III T3 Any N MO
Any T N3 MO
Stage IV Any T Any N M1
Postsurgical Resection Pathologic Classification
Stage 1 T1 NO MO
Stage 11 T2 NO MO
Stage II1 T3 NO MO
Any T N1-3 MO
Stage IV Any T Any N M1

2. Definitions for postsurgical resection-pathologic classification

Primary Tumor (T)
X Minimum requirements to assess the primary tumor cannot be met

Tis Preinvasive carcinoma (carcinoma in situ)
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TO
T1

T2
T3

No evidence of tumor found on histological examination of specimen
Tumor with invasion of the mucosa or submucosa but not the muscle
coat

Tumor with invasion of the muscle coat

Tumor with invasion beyond the muscle coat or with gross invasion of
contiguous structures

T3a Tumor with invasion beyond the muscle coat

T3b Tumor with gross invasion of contiguous structures

Regional Lymph Nodes (N)

NX
NO
N1
N2
N3

Minimum requirements to assess the regional nodes cannot be met
Regional nodes not involved

Unilateral regional nodes involved

Bilateral regional nodes involved

Extensive multiple regional nodes involved

Distant Metastasis (M)

MX

MO
M1

Stomach

Minimum requirements to assess the presence of distant metastasis
cannot be met

No (known) distant metastasis

Distant metastasis present

Specify

Primary Tumor (T)

X
TO
Tis
T1

T2

T3

T4a

T4b

Minimum requirements to assess the primary tumor cannot be met
No evidence of primary tumor

Carcinoma in situ

Tumor limited to mucosa and submucosa regardless of its extent or
location

Tumor involves the mucosa, the submucosa (including the muscularis
propria), and extends to or into the serosa, but does not penetrate
through the serosa

Tumor penetrates through the serosa without invading contiguous
structures

Tumor penetrates through the serosa and involves immediately adja-
cent tissues such as lesser omentum, perigastric fat, regional liga-
ments, greater omentum, transverse colon, spleen, esophagus, or
duodenum by way of intraluminal extension.

Tumor penetrates through the serosa and involves the liver, dia-
phragm, pancreas, abdominal wall, adrenal glands, kidney, retro-
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peritoneum, small intestine or esophagus, or duodenum by way of
serosa

Nodal Involvement (N)

NX
NO
N1

N2

N3

Minimum requirements to assess the regional nodes cannot be met
No metastases to regional lymph nodes

Involvement of perigastric lymph nodes within 3 cm of the primary
tumor along the lesser or greater curvature

Involvement of the regional lymph nodes more than 3 cm from the
primary tumor, which are removed or removable at operation, in-
cluding those located along the left gastric, splenic, celiac, and com-
mon hepatic arteries

Involvement of other intra-abdominal lymph nodes which are not
removable at operation, such as the para-aortic, hepatoduodenal,
retropancreatic, and mesenteric nodes

Distant Metastasis (M)

MX Minimum requirements to assess the presence of distant metastasis
cannot be met
MO No (known) distant metastasis
M1 Distant metastasis present
Specity
Stage Grouping
Stage 0 Tis NO MO
Stage 1 T1 NO MO
Stage 11 T2or3 NO MO
Stage 111 T1-3 N1, 2 MO
T4a NO-2 MO
Stage IV T1-3 N3 MO
T4b Any N MO
Any T Any N M1
Liver

Primary Tumor (T)

X
TO
T1
T2

Tumor present but cannot be assessed

No evidence of tumor

Small-solitary tumor (<2.0 cm) confined to one lobe
Large tumor (>2.0 cm) confined to one lobe

a — single tumor nodule

b — multiple tumor nodules (any size)
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T3

T4

Tumor involving both major lobes

a — single tumor nodule (with direct extension)
b — multiple tumor nodules

Tumor invading adjacent organs

Nodal Involvement (N)

NX
NO

N1

N2

Nodes cannot be assessed

No histological evidence of metastasis to regional or distant lymph
nodes

Histologically confirmed spread to regional lymph nodes in porta
hepatis

Histologically confirmed spread to lymph nodes beyond porta
hepatis

Distant Metastasis (M)

MX Not assessed
MO No known metastasis
M1 Distant metastasis present
Specify
Stage Grouping
Stage 1A T1 NO MO without cirrhosis
Stage IB T1 NO MO with cirrhosis
Stage IIA T2 NO MO without cirrhosis
Stage 1IB T2 NO MO with cirrhosis
Stage IIIA T3 NO, N1 MO without cirrhosis
Stage I1IB T3 NO, N1 MO with cirrhosis
Stage IVA T4 NO-2 MO, M1 without cirrhosis
Stage IVB T4 NO-2 MO, M1 with cirrhosis
Gallbladder

Primary Tumor (T)

TX
TO
Tis
T1
T2

T3

T4

Presence of tumor cannot be assessed

No evidence of tumor

In situ carcinoma

Invasion limited to the lamina propria or to the muscle layer
Invasion limited to perimuscular connective tissue. No extension
beyond serosa or into liver

Involvement of all layers and direct extension beyond serosa or into
one adjacent organ or both (must be less than 2 cm into the liver)
Involvement of all layers and direct extension 2 cm or more into liver
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or into two or more adjacent organs (includes stomach, duodenum,
colon, pancreas, omentum, extrahepatic bile ducts and any involve-
ment of liver)

Nodal Involvement (N)

NX
NO
N1

N2

Minimum requirements cannot be met

No histological evidence of metastasis to regional lymph nodes
Histologically proven metastasis to First Station regional lymph
nodes

Histologically proven metastasis to Second Station regional lymph
nodes

Distant Metastasis (M).

MX Not assessed
MO No (known) distant metastasis
M1 Distant metastasis present
Specify

Stage Grouping
Stage 0 Tis NO MO
Stage I T1, T2 NO MO
Stage II T3, T4 NO MO
Stage 111 T3, T4 N1, N2 MO
Stage IV T3, T4 NO-2 M1

Extrahepatic bile ducts

Primary Tumor (T)

TX
TO
Tis
T1
T2
T3

T4

Presence of tumor cannot be assessed

No evidence of tumor

In situ carcinoma

Invasion limited to wall

Invasion limited to periductal connective tissues

Involvement of all layers and direct extension into one adjacent
major vessel or organ

Involvement of all layers and direct extension beyond secondary
ductal bifurcation or into 2 or more adjacent organs including: liver,
pancreas, duodenum, stomach, colon, omentum, gallbladder

Nodal Involvement (N)

NX
NO

Minimum requirements cannot be met
No histological evidence of metastasis to regional lymph nodes



N1 Histologically proven metastasis to Second Station regional lymph
nodes

Distant Metastasis (M)
MX Not assessed
MO No (known) distant metastasis
M1 Distant metastasis

Stage Grouping

Stage 0 Tis NO MO

Stage 1 T1, T2 NO MO

Stage II T3, T4 NO MO

Stage 111 T3, T4 N1, N2 MO

Stage IV T3, T4 NO-2 M1
Pancreas

Primary Tumor (T)

X Minimum requirements to assess the primary tumor cannot be met

T1 No direct extension of the primary tumor beyond the pancreas

T2 Limited direct extension to duodenum, bile ducts, or stomach, still
possibly permitting tumor resection

T3 Further direct extension, (incompatible with surgical resection)

Nodal Involvement (N)

NX Minimum requirements to assess the regional nodes cannot be met
NO Regional nodes not involved
N1 Regional nodes involved

Distant Metastasis (M)

MX Minimum requirements to assess the presence of distant metastasis
cannot be met

MO No (known) distant metastasis

M1 Distant metastasis present
Specify

Stage Grouping

Stage 1 T1, T2 NO MO

Stage 11 T3 NO MO

Stage III T1-3 N1 MO

Stage IV T1-3 NO-1 M1



Colon and rectum

Primary Tumor (T)

X
TO
Tis
T1
T2
T2a
T2b
T3

T4

Minimum requirements to assess the primary tumor cannot be met
No evidence of primary tumor

Carcinoma in situ

Tumor confined to mucosa or submucosa

Tumor limited to bowel wall but not beyond

Partial invasion of muscularis propria

Complete invasion of muscularis propria

Tumor invasion of all layers of bowel wall with or without invasion of
adjacent or contiguous tissues

Tumor has spread by direct extension beyond contiguous tissue or the
immediately adjacent organs

Nodal Involvement (N)

NX
NO
N1
N2

N3

Minimum requirements to assess the regional nodes cannot be met
Nodes not involved

One to three involved regional nodes adjacent to primary lesions
()

Regional nodes involved extending to line of resection or ligatur€ of
blood vessels ()

Nodes contain metastasis, location not identified. Specific number
examined (_ ): number involved ()

Distant Metastasis (M)

MX Minimum requirements to assess the presence of distant metastasis
cannot be met
MO No (known) distant metastasis
M1 Evidence of distant metastasis
Specify
Stage Grouping
Stage 0 Tis NO MO
Stage 1
IA T1 NO MO
IB T2 NO MO
Stage II T3 NO MO
Stage III Any T N1-3 MO
T4 NO MO
Stage IV Any T Any N M1
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3. Epidemiology of pancreatic cancer

BRIAN MACMAHON

1. Introduction
1.1. An epidemiologic enigma

Cancer of the pancreas is an epidemiologic enigma. Although it accounts for
more than 20,000 deaths annually in this country alone no promising hypotheses
have been put forward to account for the vagaries of its distribution or to point to
etiologic mechanisms. With the exception of a rather weak association of risk
with cigarette smoking — itself somewhat mysterious — no external risk factors
have been definitively identified. No promising leads have been developed from
extensive experimental work in laboratory animals.

1.2. Methodologic problems

Knowledge of the epidemiology of cancer of the pancreas has no doubt been
delayed by the difficulty of studying the distribution of the disease in human
populations because of the complexity of its diagnosis and the variation by
geography, socioeconomic status and other factors in the availability of the
necessary resources and expertise. Descriptive statistics have therefore been of
variable quality. Because this problem was recognized, there has been, in ad-
dition perhaps, a greater reluctance to rely on such sources as death statistics than
was really indicated. The rise of cancer registries with their higher quality data
gives a better basis for building up the descriptive epidemiology of the disease,
but we see, in most areas of the world with reasonable mortality data, generally
similar patterns in incidence and mortality data. This should be so in an almost
uniformly and rapidly fatal disease, but that it is so suggests that mortality sources
in developed countries are not so bad a source of descriptive data for this disease
as they are sometimes thought to be.

A second methodologic problem has to do with the variety of tumors that arise

J.J. DeCosse and P. Sherlock (eds), Clinical Management of Gastrointestinal Cancer.
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in pancreatic tissue. It seems likely that adenocarcinomas of the exocrine pan-
creas have a different etiology than tumors of the islet cells and other less frequent
types of malignancy arising in the same organ. Ideally, an epidemiologic review
would deal with each histologic type separately. However, demographic data do
not distinguish the histologic types of tumor and many ad hoc studies have also
failed to do so. We must therefore generally assume that the epidemiologic
features of ‘pancreatic cancer’ reflect those of adenocarcinoma of the exocrine
gland, the histologic type which accounts for over 90% of all malignant pancreatic
tumors. This review will deal only with adenocarcinomas of the exocrine gland,
making the assumption just referred to, since, although something is known of the
common adenocarcinoma, virtually nothing of an epidemiologic nature is known
about the rarer tumors.

2. Demographic risk factors
2.1. Age

Cancer of the pancreas is a disease of the elderly and is quite rare under the age of
40. Age-specific mortality rates for white and non-white males for four time
periods in the United States are shown in Figure 1. Recent data for white males
show a consistent increase in death rates throughout life. Prior to 1964 the rate
declined in the very oldest group (85 and over). This decline after reaching a peak
is more pronounced in the rates for non-whites, with a peak around age 75 and
decline thereafter. Because of its predominance in non-whites and its disap-
pearance in recent data for whites, this decline seems much more likely to be an
artefact than real. Possible explanations include errors in census data and less
concern to establish the precise cause of death in the very old. Age-specific
patterns for females are similar to those illustrated for males.

2.2. Gender

Incidence and mortality data consistently show higher rates of pancreatic cancer
for males than for females (Table 1). An excess of males is also seen in large
clinical series, and there seems no reason to suspect that it is due to diagnostic
bias. The disproportion of males is somewhat lower in clinical series than when
incidence or mortality rates are compared but this results from the fact that there
are more females than males alive and at risk of developing the disease in the
population in the age range at which pancreatic cancer occurs.

There is some variation from place to place in the ratio of male to female
incidence rates (Table 1) but it is not striking.
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Figure 1. Age-specific mortality rates from pancreatic cancer in U.S. males, 1950-77. From McKay et
al. [1].

2.3. Ethnic background

Table 2 illustrates that, in six US cancer registries, rates of pancreatic cancer are
substantially higher for blacks than for whites. Incidence rates for black males
and females are approximately double those of the corresponding white gender.
There are three curious exceptions. In Los Angeles and Atlanta, while females
follow the usual patterns, the rates for white and black males are quite similar. In
New Orleans, while males follow the usual pattern, rates for white females are
actually higher than those for black females — and also, incidentally, than those
for white males.

Figure 2 shows that, in mortality data, the higher mortality rates for non-whites
(predominantly blacks) have prevailed since about 1955, but before that the rates
for non-whites were lower than those for whites. Using incidence data, Buncher
[3] pointed out that the rates of increase between the US National Cancer Surveys
of 1947-48 and 1969-71 were substantially greater for blacks than for whites.
Because of the diagnostic difficulties already referred to, and the fact that the rate
of increase in access to sophisticated medical resources has probably been greater
for blacks than whites, we must question both whether there has been an increase
in incidence of the disease in either racial group, and the appearance that the
increase is greater in blacks than whites. However, it seems reasonable to accept
as real the observation that, currently, blacks have substantially higher rates than
whites. Indeed, the age-specific patterns shown in Figure 1 suggest that mortality
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rates in non-whites are rising most rapidly in the older age groups and, as the non-
white population adopts the age-specific pattern of the white population, the

overall discrepancy in rates will become even greater than it now is.

High rates have been noted in two Polynesian populations for which incidence
data are available — the New Zealand Maoris and the Hawaiian and part-
Hawaiian population of Hawaii (Table 3). These rates (at least in 1968-72) were
among the highest observed anywhere in the world and are two to three times
those shown in Table 1. In 1968-72, the high rates affected males particularly, and

Table 1. Truncated® age-adjusted annual incidence rates of pancreatic cancer per 100,000 population,

from selected cancer registries

Registry Male Female
Israel (Jews) 13.8 8.6
Finland 13.3 7.3
US (Whites)® 12.3 7.8
Denmark 12.3 7.8
United Kingdome¢ 11.4 6.5
Sweden 11.2 7.1
Norway 10.7 6.8
Japand 10.4 7.0
Canadac 10.3 7.1
Slovenia 8.3 4.9
Cali 7.0 4.8

a Ages 35-64 only, adjusted in 5 years groups.
b Mean of eleven registries (range for males 9.9-17.2) (Puerto Rico and New Mexico not included).
¢ Mean of eleven registries (range for males 8.5-15.0).

4 Mean of four registries (range for males 8.8-11.9).
¢ Mean of nine provinces (range for males 5.5-14.5).

Data from Waterhouse et al. [2].

Table 2. Truncated age-adjusted annual incidence rates of pancreatic cancer per 100,000 population

by race, U.S. Registries

Registry Males Females
White Black White Black

Alameda 11.1 28.8 7.4 14.9
S.F. Bay Area 12.3 25.6 8.4 16.0
Los Angeles 11.3 13.5 4.0 9.2
Atlanta 17.2 18.6 6.6 10.7
New Orleans 11.6 21.8 12.1 8.2
Detroit 11.9 22.0 7.0 13.4

Data from Waterhouse et al. [2].
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Table 3. Truncated age-adjusted annual incidence rates of pancreatic cancer per 100,000 population
in two Polynesian and geographically related populations, 1968-72 and 1973-772

Area Ethnic group 1968-72 1973-77
Male Female Male Female
Hawaii Hawaiian® 314 11.4 8.1 11.2
Caucasian 15.8 12.2 10.3 6.2
Chinese 11.4 6.4 11.1 11.6
Filipino 5.7 4.6 8.0 5.4
Japanese 7.1 6.0 10.6 4.4
New Zealand Maori 26.6 8.7 18.5 10.9
White 9.7 4.8 11.3 7.0

a Hawaiian and part-Hawaiian.
b Data from Waterhouse et al. [2, 4].

in these two populations rates for males were approximately three times those for
females. However, the data for 1973-77 do not show elevated rates for Hawaiian
males, although the high rates in Hawaiian females persist. The small sizes of the
population sub-groups in Hawaii make rates over short time spans somewhat
unstable. In 1973-77 the high rates in New Zealand Maoris, as well as the large
excess over the rate for females, persist but are not so striking as in 1968-72.

2.4. Geography

Because of the diagnostic problems already referred to, apparent geographic
differences in frequency of pancreatic cancer are among the most suspect features
of the epidemiology of the disease. However, as can be seen in Table 1, while
there are apparent differences in incidence rates between areas of the world with
well-developed medical resources, the range is not great. The two to three fold
range from lowest to highest is considerably less than is found for many other
cancers, where ranges of five to ten fold are common and ranges of more than 100
fold occur occasionally, as in cancer of the esophagus.

The geographic variations have led to no etiologic hypotheses, although they
have been used to evaluate hypotheses arising from other data — particularly that
relating coffee consumption to pancreatic cancer risk.

2.5. Secular trends

As shown in Figure 2, mortality data suggest a slow increase in rates of pancreatic
cancer after 1950 — somewhat stronger in males than in females. In whites the
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Figure 2. Age-adjusted mortality rates from pancreatic cancer, by race and sex, U.S.A., 1950-77.
From McKay et al. [1].

rates plateaued in the late 1960s and have been constant since. In non-whites the
rates have continued to rise slowly.

Incidence data give a somewhat similar picture. Comparing the Second
(1947-1948) and Third (1969-71) US National Cancer Surveys, age adjusted rates
rose 22% in white males, 21% in white females, 30% in black males and 126% in
black females [5]. Combining data from the Third National Cancer Survey
(TNCS) with those for 1973-76 from the Surveillance, Epidemiology and End
Results (SEER) program, Pollack and Horm [6] estimated that, for whites,
pancreatic cancer incidence declined in males at an annual rate of 0.5% and
increased in females at an annual rate of 0.9% over the period 1969-1976. Neither
trend is statistically significant and the increase in females is made questionable
by problems in comparability of the SEER and TNCS data [7]. Looking only at
the 4 years of the SEER program, no evidence of a trend is seen. Recognizing the
lack of comparability of the two sets of data for blacks, Pollack and Horm did not
examine the incidence trend in this group.
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3. Endogenous risk factors
3.1. Diabetes

Although the frequency of clinical diabetes seems to be in excess among patients
with pancreatic cancer, a high proportion of patients with the two diseases have
developed their diabetes within a short time of the diagnosis of their cancer [8]. It
is likely that in most of such patients the diabetic symptoms result from their as yet
undiagnosed pancreatic tumor. However, in two studies there is an indication
that, even after cases are excluded in which the diabetes developed shortly before
the pancreatic cancer, there is an increased risk (approximately two-fold) for
pancreatic cancer among diabetic females, but not diabetic males [9, 10]. Why
there should be such a relationship in one sex but not the other is puzzling.

3.2. Family history

There has been no systematic study of the risk of pancreatic cancer in the relatives
of patients. Unusual clusters - for example, of four siblings all developing the
disease [11, 12] — have been reported, but they are rare and in clinical experience
family history does not seem to be a prominent feature of this disease.

There appears to be no association of any specific HLA type with the disease
[13].

4. Exogenous risk factors
4.1. Tobacco

The most clearly established exogenous risk factor for pancreatic cancer is
cigarette smoking. Data from three major follow-up studies are given in Table 4.
Heavy cigarette smoking (defined as more than two packs of cigarettes a day in
one study [14] and 25 g of tobacco or more in the other [15] is associated with
approximately a doubling of the risk of pancreatic cancer. Although absent in one
small case-control investigation [17], increased risk associated with cigarette
smoking has also been noted in two larger case-control studies [10, 18]. In one
study, increased risk was associated with smoking of cigars but not pipes [10], but
larger studies indicate no increase in risk for smokers of either pipes or cigars [14,
18].

Relative to the strengths of the associations between cigarette smoking and
certain other cancers — notably cancers of the lung, larynx, mouth, bladder and
liver — the relationship between cigarette smoking and pancreatic cancer is quite
weak. The association is also much weaker than that recently observed between
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cigarette smoking and risk of chronic pancreatitis [19]. Its interest lies not in any
significant opportunity for prevention that it represents but in its potential for
leading to understanding of the mechanisms of carcinogenesis in the pancreas and
of tobacco carcinogenesis of organs that are not directly exposed to tobacco
smoke.

4.2. Alcohol

The relationship between alcohol use and pancreatic cancer has been less exten-
sively studied than has the association with tobacco consumption, but a lack of
association has been found in two case-control studies [10, 18], in a proportional
mortality analysis of a large series of deaths of alcoholics [20] and in two large
follow-up studies of alcoholics [21, 22]. An association with wine drinking was
reported in one recent study, but the number of cases was small, the difference
between cases and controls was not conventionally significant, and potential
confounding factors were not evaluated [17]. Overall, it seems unlikely that
alcohol consumption is either a risk factor or has any role in the origin of cancer of
the pancreas — a fact that is of interest in light of the clear-cut role of alcohol in the
etiology of chronic pancreatitis [19].

4.3. Diet

Some component of diet would seem an obvious candidate for an etiologic role in
pancreatic cancer. Unfortunately, for evaluating dietary patterns over the several
decades of an individual’s life during which the carcinogenic process develops,
the available tools are extremely crude. In a large follow-up study in Japan,
persons who reported consumption of meat daily or more had approximately 1.5
times the risk of those who ate meat less frequently than daily [23]. The associ-

Table4. Risk of pancreatic cancer by level of current cigarette consumption relative to an arbitary risk
of 1.0 in non-smokers, in three follow-up studies.

Study Non-smokers Cigarette smokers

Light Moderate Heavy
Kahn [14] 1.0 1.1 14 138 22 27
Doll & Peto [15] 1.0 1L0 1.3 1.9 )
Hammond [16] - males 1.0 24

~ females 1.0 1.8
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ation, though weak, was statistically significant and appeared to be stronger
among cigarette smokers. We need not look to the meat or its constituents for an
explanation of this observation, for daily consumption of meat must be a marker
of many and varied characteristics of the Japanese diet. Indeed, it is possible that
high meat consumption is a reflection of high socioeconomic status and adoption
of other US customs such as cigarette smoking, and is unrelated to diet. Data for
persons of Japanese ancestry in the United States are curious. Rates in Japan are
lower than those in US whites (Table 1). Although rates in ‘foreign-born’ (gener-
ally, Japan-born) Japanese parallel those in US whites, rates for persons of
Japanese ancestry born in the United States fall back to levels similar to those
seen in Japanese in Japan [24].

Moderately low rates of pancreatic cancer have been reported for Mormons
[25, 26] and Seventh Day Adventists [27] in the United States — both groups
having some dietary customs different from the general population. However,
the rates do not seem sufficiently low not to be explained by the fact that both
groups proscribe and, in general, practice non-smoking. The exception is an
unusually low incidence rate of the disease in Mormon females in rural counties of
Utah (3.7 per 100,000) compared to non-Mormon females in the same counties
(10.7 per 100,000 [28] which seems too large to explain by differences in cigarette
smoking patterns, since only 38% of the non-Mormon females in Utah were
current smokers in 1977-79 [29] and this percentage seems likely to be lower in the
rural counties.

In sum, comparison of populations with different dietary practices has so far
failed to uncover hypotheses postulating etiologic roles for specific components
of diet and, in spite of the attractiveness of diet as an area of enquiry in this
disease, populations with striking differences in dietary patterns have quite
similar rates of pancreatic cancer.

4.4. Coffee

One specific component of diet that has been suggested as worthy of further
investigation is coffee. In 1981, in a small case-control study it was reported that,
among several other differences, cases had a higher consumption of decaffeinated
coffee than controls [17]. Consumption of all forms of coffee was later reported to
be similar in cases and controls [30]. A few months after that original publication,
in a much larger study, an association with coffee consumption overall and
pancreatic cancer risk was reported [18]. The association was statistically highly
significant in each sex, and, while no dose-response relationship was evident in
males, for both sexes combined, with adjustment for sex, age and cigarette
smoking, the dose-response relationship was highly significant. Relative to non-
drinkers of coffee, drinkers of one to two cups per day had approximately double
the risk of pancreatic cancer, and drinkers of three or more cups per day had
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approximately three times the risk. Unfortunately, no distinction was made
between regular and decaffeinated coffee in this study. Subsequent to this report
four small sets of data have been published in the form of letters to the editor.
Three are interpreted as failing to confirm the observation [30-32] and one as
consistent with it [33]. Each of these data sets is much smaller than that which led
to the original observation and further evaluation of this possible relationship is
required.

4.5. Occupation

A number of occupations have been indicated by one or another study to be at
increased risk for pancreas cancer, but the associations are not strong and none of
the isolated observations has been confirmed [3]. Among deaths of members of
the American Chemical Society, a proportional mortality study indicated 56
deaths from pancreatic cancer compared to 35 expected [34]. However, no excess
of pancreatic cancer was reported in the preliminary report of a study of British
chemists [35] or in a cohort study of mortality and cancer incidence among
chemists employed by the Du Pont Company [36].

4.6. lonizing radiation

There has been a suggestion of excess pancreas cancer among British radiologists
[37] and among Japanese survivors of the atomic bombs [38]. In both instances
the excess is small and of marginal statistical significance. If large doses of ionizing
radiation do induce pancreatic cancer they can be responsible for no more than a
very small proportion of incident cases.

5. Directions of enquiry

We began this chapter with the statement that cancer of pancreas is an epi-
demiologic enigma. Not only is the etiology of the disease enigmatic but a review
of the literature fails even to identify promising lines of enquiry. Clearly, the
association with coffee consumption must be evaluated and, if confirmed, ex-
plored as to mechanism. Beyond that, the high rate in the black population of the
United States — a rate that promises to become even higher — seems the most
promising starting point in a search for hypotheses, although none have yet been
offered.
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4. Hepatitis B virus and hepatocellular carcinoma

BARUCH S. BLUMBERG and W. THOMAS LONDON

1. Introduction

In this chapter we propose to 1) review the data which supports the hypothesis
that persistent infection with the hepatitis B virus (HBV) is required for the
development of primary hepatocellular carcinoma (PHC), 2) discuss strategies
for primary prevention of PHC, 3) present and discuss a cellular model for PHC
in humans which describes the available data on the virus-cancer relation and
provide a heuristic model for learning more about the pathogenesis of PHC. An
objective of the use of the model and the greater knowledge of pathogenesis
would be to develop methods for secondary prevention in persons who are
already chronic carriers of HBV.

A goal of cancer research is the prevention of cancers, particularly those that
are common in the world, by the discovery of factors that are necessary for their
development and reducing or eliminating these factors in a manner which is not,
overall, harmful (primary prevention). A second goal is to arrest the progress of
the disease if it has already started by removing very small tumors that have not
spread (secondary prevention). A third approach, which may be more easily and
gentlty accomplished than secondary prevention, is to slow the advance of a
potential clinical cancer to a pace that avoids disease perceptible to the individual
until very late in his or her possible life span, by which time the host would have
died for another reason. This we have called ‘prevention by delay.” Develop-
ments over the past decade make it very likely that primary prevention for one of
the most common cancers in the world, primary cancer of the liver, may be
feasible, and current work is directed to an understanding of the other two forms
of prevention.

In sub-Saharan Africa, Taiwan, and the populous coastal and southern
provinces of mainland China, the incidence of primary hepatocellular carcinoma
(PHC) is 25 to 150 cases per 100,000 population. An annual mortality of 100,000
for all of China (population base 850 million) has recently been reported. The
incidence of PHC is three to nine times higher in males than females. Hence, the
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estimated incidence of deaths from PHC in males would be about 17 to 20 per
100,000. Extrapolating these figures to other regions of the world where PHC is a
common cancer, we can estimate a worldwide annual incidence of about 1/4 to 1
million cases in men and 50 to 200,000 cases in women. Since PHC is almost
always lethal, the incidence and mortality rates per year are about the same [1].

In 1975 [2], we pointed out that advances in our knowledge of the pathology,
epidemiology and clinical characteristics of PHC on the one hand, and of the
hepatitis B virus on the other made it possible to test the hypothesis that
persistent infection with the hepatitis B virus was necessary for the development
of (most cases) of PHC. Since that time, a substantial body of evidence which
strongly supports this hypothesis has been collected. The quantity and quality of
this data are such that it is reasonable to assume that the hypothesis is more likely
to be right than wrong and to proceed with the next step; that is, the design of
strategies to prevent infection with hepatitis B virus in order to prevent PHC as
well as other consequences of HBV infection. Blumberg and Millman, in 1969,
introduced a vaccine to protect against hepatitis B infection [3], and this has now
been produced in large quantities in the United States and other countries. Based
to a large extent on the study of Szmuness and his colleagues in New York, it has
been shown within the limits of the studies that the vaccine is safe and effective. It
is likely that the vaccine will constitute a major part of public health programs to
prevent hepatitis B infection which will be introduced in the near future. The use
of such a vaccine which could ultimately prevent PHC could be economically and
medically justified because of its effect on other diseases associated with HBV,
and its predicted role as a ‘cancer vaccine’ would be added to this.

In addition to the potential practical importance of this body of scientific
information bearing on the HBV-PHC relation, it will be useful in basic studies
on how viruses ‘cause’ cancer. Since (if the accumulated evidence is accepted as
convincing) HBV is required for the development of PHC, an understanding of
how it does so will provide an explanation of the role of a virus in human
carcinogenesis independent of its similarity or difference to existing models
derived from other species or experimental observations. This explanation could
then form the basis for discovering similar virus relations in other species (which
has already happened (see below) ) and in humans.

2. Evidence to support the hypothesis that persistent infection with HBV is
required for the development of PHC

In this section, the method of ‘independent evidence’ is used. Although any single
item cited may have an alternative explanation, the total body of data taken
together is best explained by the stated hypothesis. We have published more
detailed discussions of these data, and additional bibliographic references are
given in them [1, 4].
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2.1

PHC occurs commonly in regions where chronic carriers of HBV are prevalent
and much less frequently in areas where they are not.

2.2.

Case-control studies have shown that 90% or more of patients with PHC who live
in areas where HBV is endemic have HBsAg or high titers of antibody against the
core antigen in the blood (anti-HBc). These markers can be considered evidence
of current or previous persistent HBV infection. In the same areas, controls have
markedly lower frequencies of HBsAg and anti-HBc. Even in the United States,
where PHC is uncommon, patients with the disease have higher prevalences of
HBsAg and anti-HBc than do controls. In other words, in areas of both high and
low PHC incidence, serologic evidence of persistent infection with HBV is more
common in patients with PHC than in controls (Table 1).

Table 1. Frequency of hepatitis B surface antigen (HBsAg) and antibody against hepatitis B core
(anti-HBc) in patients with PHC and controls*

Country PHC Controls

No. tested % Positive No. tested % Positive

Hepatitis B surface antigen

Greece 189 55.0 106 4.7
Spain 31 19.3 101 2.0
USA 34 14.7 56 0
Senegal 291 51.9 100 12.0
Mozambique 29 62.1 35 14.3
Uganda 47 47.0 50 6.0
Zambia 19 63.1 40 7.5
South Africa 138 59.5 200 9.0
Taiwan 84 54.8 278 12.2
Singapore 156 35.3 1516 4.1
Japan 260 37.3 4387 2.6
Vietnam 61 80.3 94 24.5
Antibody to hepatitis B core antigen

Greece 80 70.0 160 31.9
Spain 31 87.0 101 14.8
USA 33 48.5 56 0
Senegal 291 87.3 100 26.0
South Africa 76 86.0 103 31.7
Hong Kong 37 70.3 58 36.2

* Only studies using radioimmunoassay or a test of equivalent sensitivity for HBsAg and in which
controls were included are used. These data have not been corrected for age.
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Prince [5] has estimated that the relative risk of developing PHC for chronic
carriers in the United States and western Europe is about the same as the relative
risk for carriers in Asia and Africa. If this is correct, then factors (such as
aflatoxins and nitrosamines) which are thought to be related to the development
of PHC but which presumably are not as common in the western countries as in
the high incidence countries, may not be essential for the development of PHC.
They may play a role in increasing the frequency of hepatitis carriers or may
accelerate the process of pathogenesis, but there is little direct information about
this.

2.3.

Most cases of PHC (approximately 80%) arise in a liver already affected with
cirrhosis or chronic active hepatitis or both. If chronic hepatitis and cirrhosis are
steps toward the development of liver cancer, then case-control studies of these
two diseases should also show higher prevalence of chronic infection with HBV in
the cases. Studies in Africa and Korea have confirmed this prediction (Table 2).

2.4.

HBY proteins can usually be demonstrated with histochemical stains or immu-
nologic techniques in the hepatic tissues of patients with PHC. HBsAg and
hepatitis B core antigen (HBcAg) are undetectable or present only in small
quantities in the tumor cells themselves, but are found in the nonmalignant cells
adjacent to the expanding tumor and elsewhere in the liver. These antigens are
not found in the livers of uninfected persons nor, in general, in persons with

Table 2. Hepatitis B infection in cases of chronic liver disease and controls in Korea and Mali, West
Africa

N % HBsAg (+) % anti-HBc (+) % anti-HBs (+)

Korea

Chronic active hepatitis 50 76 94 14

Cirrhosis 35 94 100 6

Controls2 104 6 75 54
Mali

Chronic liver disease® 42 46 59 26

Controls 80 5 16 35

a Controls are males greater than age 20 in the general population.
b Not separated by diagnosis, but most are cases of advanced cirrhosis
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antibody to HBsAg in their serum. A particularly pertinent study by Nayak et al.
[6] in India, which is a relatively low incidence area for PHC, showed that if
multiple sections of the liver are examined, HBsAg can be found in some
hepatocytes in over 90% of the cases of PHC. Thus, HBV proteins are present in
the livers of most patients with PHC from areas endemic for HBV and PHC, and
they are also found in the livers of many patients from low incidence areas [6, 7).

2.5.

If persistent HBV infection causes PHC, such infection should precede the
occurrence of PHC. To test this hypothesis, it is necessary to identify asymptoma-
tic chronic carriers of HBV and controls who are not carriers and to follow them
for several years to see whether PHC develops. A major study of this type is being
conducted by Beasley ef al. in male civil servants between the ages of 40 and 60
years in Taiwan [8]. Approximately 3500 carriers were identified. The controls
are an equal number of HBsAg-negative men matched by age and place of origin.
Approximately 18,500 additional non-carriers were also identified. The subjects
have been followed for four to six years. Eighty-nine cases of PHC have occurred
during the follow-up period, and all but three have been in chronic carriers. The
one exception arose in a man who had both anti-HBc and anti-HBs, indicating
that he had probably been infected in the recent past. Thus far, the relative risk of
PHC is more than 200 times greater in carriers than in non-carriers, and 98% (the
attributable risk) of the cases have occurred in carriers. This is probably the
highest risk known for any of the common cancers.

2.6.

Because PHC usually develops in a liver that is affected by cirrhosis or chronic
hepatitis or both, some investigators have argued that any hepatotoxic agent that
causes cirrhosis is associated with an increased risk of PHC, and that hepatitis B
virus is one such agent. A rigorous test of the hypothesis that chronic infection
with hepatitis B virus increases the risk of PHC in addition to producing cirrhosis
is to compare the incidence of PHC in patients with cirrhosis who are or are not
chronic carriers of HBV. Obata et al. have performed such a study in Japan [9].
Seven of 30 HBsAg-positive patients with cirrhosis (23%) but only five of 85
HBsAg-negative patients with cirrhosis (6%) had PHC after about four years.
These results are highly consistent with the prediction from the hypothesis.
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2.7.

In populations where HBV is endemic (sub-Saharan Africa, Asia, and Oceania),
there is good evidence that many of the chronic carriers acquire HBV as a result
of infection transmitted from their mothers early in life. That is, the mothers
themselves are chronic carriers, and offspring born when the mothers are infec-
tious are likely to become chronic carriers. (Although children of carrier mothers
may be exposed in utero, at birth, or immediately afterwards, they do not become
carriers until after about six weeks to three months.) Within a population,
persons infected shortly after birth or during the first year of life will have been
chronic carriers of HBV longer than persons of similar age who are infected later
in life. Therefore, if the duration of being a chronic carrier is related to the
likelihood of having PHC, one could predict that the mothers of patients with
PHC would be more likely to be chronic carriers than the mothers of controls of
similar age who do not have PHC. Studies in Senegal, West Africa, and in South
Korea are consistent with this prediction [10] (Table 3).

2.8.

A further test of the HBV-PHC hypothesis is whether HBV-DNA is present in
PHC tissue and whether such DNA is integrated into the tumor cell genome.
Summers et al. , using livers obtained at autopsy in Senegal, extracted HBV DNA
base sequences from 9 of 11 primary liver cancers collected from patients with
HBsAg in their serum and from one of four patients who were HBsAg negative
but anti-HBs positive [11, 12]. Several cell lines which produce HBsAg have been
developed from human primary liver cancer. The first was produced by Alex-
ander in South Africa (PLC/PRF/5) and has been studied in many laboratories

Table 3. Prevalence of HBsAg and anti-HBc in mothers of PHC patients and controls.

n HBsAg(+) anti-HBc(+)
Senegal
Mothers of PHC cases 28 20 (71.4%) 20 (70.4%)
Mothers of Controls? 28 4 (14.3%) 9 (32.1%)
Korea
Mothers of PHC cases 10 4 (40.0%) 10 (100%)
Controls® 34 0 25 (73.5%)

2 In Senegal controls were mother of individuals matched by sex, age and neighborhood with the
PHC cases.

b controls in Korea were women randomly selected from a pool of controls such that the mean age
and variance were equal to those for the mothers of the PHC cases.
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[13]. This cell line produces large quantities of HBsAg 22 nm particles (1.3 mg/ml)
but no Dane particles [14]. Marion and Robinson analyzed these cells and
demonstrated 4 to 5 ng of HBV DNA per mg of cellular DNA [15]. Gray et al. [16]
reported that at least six copies of HBV DNA are integrated into the cellular
genomic DNA of the liver. Two of the six inserts are incomplete viral genomes,
but all six contain the gene for HBsAg. They also isolated RNA transcripts for the
HBsAg gene from the Alexander cell line. Brechot et al. [17] demonstrated
integration of viral DNA in the cellular genomes of three primary liver cancers
obtained at autopsy from HBsAg (+) men who lived in Ivory Coast, West Africa.
Because only a few bands of integrated DNA were observed in each tumor
extract, it is likely that the integration sites were the same within each cell of a
given tumor. A third cell line that produces HBsAg has been derived from a
human PHC by Aden and Knowles [18]. Recently, Shafritz et al. [19], studied
percutaneous liver biopsies and post mortem tissue specimens from patients with
chronic liver disease associated with persistent HBV infection, and patients with
PHC. In 12 patients with hepatocellular carcinoma who had persistent HBV in
their serum, integrated HBV DNA was found in host liver cells. It was also found
integrated in some patients who had PHC with anti-HBs. In addition, integration
was found in the non-tumorous tissue. In carriers of HBV without PHC, integra-
tion was seen in two patients who were carriers for more than 8 years, but it was
not integrated in individuals who were carriers for less than two years. From this it
can be inferred that increasing time of infection increases the probability of
integration.

2.9.

In 1971[20], based on the unusual clinical and epidemiologic characteristics of the
hepatitis B virus, we had proposed that it was different from other viruses and
that it represented the first of a series of viruses we termed Icrons. (The name is
an acronym of the Institute for Cancer Research, ICR, with a neuter Greek
ending.) The unique characteristics of the molecular biology of HBV (see below)
have supported the notion that HBV is an unusual virus. Recent discoveries of
other viruses which conform to the expectations of the Icron model provide
additional support for the hypothesis, and these will be briefly described here.

2.9.1. Cancer of the liver and hepatitis virus in Marmota monax

Persistent infection with a virus similar to HBV is associated with a naturally
occurring primary carcinoma of the liver in Marmota monax, the woodchuck or
groundhog [21] (Figure 1). Snyder has trapped Pennsylvania woodchucks in the
wild and maintained a colony at the Philadelphia Zoological Garden for the past
20 years. Post-mortem examinations were performed in more than 100 wood-
chucks, and about 25% of the animals had primary liver cancers. The tumors in
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Figure 1. Marmota monax (ground hog, woodchuck).

the animals were usually associated with chronic hepatitis [22]. Snyder brought
our attention to his findings and provided us with serum specimens from the
infected and diseased animals. Summers, at the Institute for Cancer Research,
examined serum samples from these animals for evidence of infection with a virus
similar to HBV. He based his investigation on the hypothesis that viruses in the
same class as HBV would have a similar nucleic acid structure and similar DNA
polymerase. HBV was known to have unique characteristics: it contains a circu-
lar, double-stranded DNA genome with a single-stranded region and a DNA
polymerase capable of filling in the single-stranded region to make a fully double-
stranded, circular DNA. Summers found that about 15% of the woodchuck
serum samples had particles containing a DNA polymerase and a DNA genome
that were similar in size and structure to those of HBV [23]. Examination of
pellets from these serum specimens with an electron microscope showed the three
types of particles associated with HBV. Later, Werner et al. [24] showed cross-
reactivity of the core and surface antigens of the virus in woodchucks (WHV) with
the comparable antigens of HBV. A close association between persistent WHV
infection and PHC has also been found; DNA from WHYV hybridized to the
cellular DNA in five woodchuck livers containing PHC but did not hybridize to
the DNA in nine livers without tumors. Finally, Summers and his colleagues have
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demonstrated integration of one or two WHYV genomes into tumor-cell DNA in
two woodchuck primary liver cancers. Integration appeared to occur at the same
unique site in each cell of the tumor. Thus, each tumor was a clone with respect to
the integrated viral DNA, a finding similar to that in humans.

Liver cancer in the woodchuck is not what is generally regarded as a laboratory
model of a human disease, that is, it was not designed or ‘created’ by an
investigator for research purposes; rather, it is a naturally occurring disease
related to a naturally occurring virus, both of which have remarkable features in
common with their human counterparts. It provides impressive support for the
hypothesis (that persistent infection with hepatitis virus is required for the
development of PHC) and also an opportunity to perform observations and
studies with an other-than-human species.

2.9.2. Ground squirrel hepatitis virus

The Beechey ground squirrel (Spermophilus beecheyi) is a common mammal on
the campus of Stanford University in California and a member of the Squiridea
family, as are the Marmota. Marion, Robinson and their colleagues [25] found
that the sera of many of these animals had HBsAg reactivity by solid-phase
radioimmunoassay. All the sera with reactivity contained virus-like particles with
DNA polymerase activity. They designated the virus as ground squirrel hepatitis
virus (GSHV), by analogy with HBV, even though initially liver tropism was not
shown. (Dead animals were not available for testing.) The particles were similar
to the characteristic particles of HBV and WHYV with some interesting differen-
ces. The elongated particles were more numerous, and their average length was
significantly greater than HBV or WHYV. There were also more large virion
particles, and they were slightly smaller than Dane particles. Essentially all the
sera containing viral particles also had endogenous DNA polymerase activity,
whereas in humans only sera with both HBsAg and HBeAg have polymerase
activity. The DNA is very similar in size and structure with the possible important
difference that GSHV DNA has two cleavage sites for the restriction enzyme
EcoRI, while HBV DNA and WHV DNA have only a single site.

There is significant cross-reactivity between the surface antigens of HBV and
GSHYV [25]. Appropriate anti-HBs antiserum can detect essentially all sera which
contain GSHV. This implies that there must be closely related configurations of
the surface antigen polypeptides. HBsAg has two polypeptide chains of sizes
25,000 and 29,000 daltons. They have nearly identical peptide compositions and
similar primary sequences; and, all of the electrophoretic differences can proba-
bly be accounted for by the carbohydrate present on the larger but absent from
the smaller polypeptide. GSHsAg has two polypeptides of 23,000 and 27,000
daltons, each slightly smaller than the equivalent HBsAg polypeptides; and they
also have nearly identical peptide compositions. Gerlich et al. [26] suggested that
the larger polypeptide of GSHsAg may differ from the smaller by a carbohydrate
moiety. They estimated that about 10% less DNA sequence would be required
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for the 23,000 dalton GSHsAg than for the equivalent 25,000 dalton HBsAg
polypeptide. About one third of the peptide spots of the 23,000 (P23) GSHsAg
polypeptide are shared in common with the equivalent 25,000 (P25) HBsAg
polypeptide, and about one-half of the spots of HBsAg P25 are shared with P23
polypeptide of GSHsAg. Feitelson et al. [27] report that the major GSHV core

Table 4. Characteristics of Icrons

Virus

HBV WHV GSHV DHBV
Particles
Present in large quantities in blood + + + +
Virion structure double shell + + + +
Virion diameter, nm 40-45 40-45 47 40
Surface antigen particle, nm 20-25 20-25 18-20 35-60
Elongated surface antigen, length nm >500 >500 >750 not seen
Core, nm 27 27 ~27 27
Tryptophane/tyrosine ratios high ? high ?
Dna
Circular + + + +
Double and single stranded + + + +
Dna polymerase + + + +
Nucleotides (number) 3150 3200 3200 3000
Homology with HBV, % 100 yes yes <10%
Ecori sites (number) 1 1 1 1
Antigens
Surface (hbv, cross-reacting %) HBsAg WHsAg GSHsAg DHBsAg

(0.1-1) (large)
Core (hbv, cross-reacting %) HBcAg WHcAg
(5-10) GSHcAg DHBcAg
(large)

e + ? ?
Surface subtypes Yes ? ? ?
Responses to infection
Carrier state, % in populations 0.1-20 0-20 0-50 12%
Anti-surface antigen, % in population anti-HBs anti-WHs ? ?

0-50 25
Anti-core antigen, % in population anti-HBc anti-WHc + ?

0-60
Anti-e antigen + ? + ?
Tropism liver liver ? liver

pancreas (?)

Clinical conditions
Acute hepatitis + ? ? ?
Chronic hepatitis + + ? +
Cirrhosis + ? ? ?
Primary hepatic carcinoma + + ? +
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polypeptide has 56% homology with its human counterpart as determined by
comparing their respective tryptic peptide maps. This greater variability in sur-
face antigen than in core antigens is also a feature of many other enveloped
viruses. It generates the interesting concept that for a given genome viruses
maintain a greater variability in the surfaces than internally, perhaps as a primary
mechanism to restrict host species specificity and to allow for variation of immu-
nological response within the members of the host species.
Cancer of the liver has not been reported in the ground squirrel.

2.9.3. Duck hepatitis B virus (DHBYV)

In some regions of the People’s Republic of China, where PHC is common in
humans, it is also common in domesticated ducks [28]. Scientists in China
suggested that the tumors in humans and ducks were caused by a chemical
carcinogen in human food and in table scraps fed to domestic ducks. We hypo-
thesized that the ducks were infected with an Icron. In collaboration with Dr.
T.-T. Sun of Beijing, sera were obtained from farmyard ducks collected in Chi-
tung County on the north bank of the Yangtze across from Shanghai City. A virus
similar in appearance to HBV was seen in the sera of 11 of the 33 ducks [29].
Mason attempted to infect domesticated Pekin ducks (Anas domesticus) obtained
from commercial breeders in the United States with this presumed virus (Figure
2). In doing so he found that the Pekin ducks were already infected with a virus
similar to HBV and to the virus found in their Chinese cousins. (Pekin ducks were
imported to America from China in the 19th century.) He and his colleagues
found that sera from four of 12 Pekin ducks contained a DNA polymerase that
incorporated nucleotide triphosphates into a DNA molecule similar to that found
in HBV and WHYV. The sera contained virus-like particles of about 40 nm in
diameter, similar in appearance to the large virion particles of the other Icrons.
Core particles could be separated from the whole virions, and these were similar
in appearance and size to the core particles of the other viruses [30].

The DNA in the particles was circular, double and single stranded, and about
the same size (3000 bp) as that of the other viruses. Particles which appeared to be
analogous to the surface antigen particles of HBV were more heterogeneous in
size and shape than the equivalent particles in HBV, WHV, and GSHV. They
estimated by liquid hybridization methods that HBV and duck hepatitis B virus
(DHBV, as it was called) to have less than 10% DNA homology. Analysis of the
tissues of a DHBYV infected duck showed most of the viral DNA in the liver. A
smaller but significant amount was found in the pancreas. Of 219 ducks of
different ages and sex tested, 26 (12%) had DHBYV, and it was present about
equally in both sexes and in all ages from 1 day to 14 months, suggesting congenital
infection. O’Connell et al. [31] have found virus in the serum of embryos as early
as 5 days of incubation and in the yolk of unincubated eggs. This suggests that in
ducks infection of the embryo by the dam may be the major mechanism of virus
transmission. Preliminary reports from China indicate that the DHBYV is associ-
ated with the cancer of the liver found in the ducks.



Figure 2. Anas domesticus (Pekin duck).

3. Strategies for primary prevention

Our interpretation of these nine lines of evidence is that, taken together, they
strongly support the hypothesis that persistent infection with HBV is required for
the development of most cases of PHC, and therefore that the next step is
warranted: testing of the hypothesis that decreasing the frequency of HBV
infection will in due course decrease the frequency of PHC. The availability of the
hepatitis B vaccine produced from HBsAg in human blood [3] and increasing
knowledge of the mechanisms of transmission of HBV will make such a study
feasible. Since the incidence of cancer is high in HBV carriers, it may be possible
to measure the effect of the program within a reasonable time. In any case,
independent of its relation to cancer, the control of HBV infection is clearly
justified as a public health measure for the prevention of acute and chronic
hepatitis and post-necrotic cirrhosis, diseases of major importance in the same
regions where PHC is common.

The exact strategies to be used in the forthcoming public health programs will
be determined as more experience is gained with the hepatitis B vaccine and the
knowledge of the methods of transmission and the natural history of HBV
increases. The vaccine appears to be effective in producing antibodies in very
young children including newborns. Even though children may be exposed to the
virus in utero and in early childhood when their mothers (or, less commonly,
other family members) are carriers, they do not become persistently infected until
about six weeks to two months after birth. In countries of high endemicity a very
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large percentage of carriers are a consequence of maternal transmission. A
program in which vaccine is administered before one to three months might,
therefore, in a single generation considerably decrease the frequency of carriers.
Infection at an early age is associated with a higher probability of becoming a
carrier, while infection in later life is more likely to result in the development of
anti-HBs. Hence, even if the vaccination program is not able to completely
eliminate infection, if it can be delayed beyond childhood and early growth, it
could still have a marked effect on decreasing the frequency of carriers and
increasing immunity in the population.

3.1. Intrafamily transmission

In areas of high HBV endemicity, transmission within the family group is ex-
tremely important and is likely to lead to the carrier state. We have started a series
of family studies, including ethological observations on newborn children and
their carrier mothers, to observe behaviors which might increase the probability
of infection. The initial family observations have been made in West Africa and in
the New Hebrides, areas with a high frequency of hepatitis infection and where
traditional living patterns are still followed to a large extent. This may allow us to
identify personal sanitation and health practices within the context of the culture
which increase the probability of infection. From this, recommendations for
simple preventive measures acceptable by the community may be made.

3.2. Insect transmission

There is considerable evidence that mosquitoes and bedbugs can transmit hepati-
tis. Several species of mosquitoes collected in areas where hepatitis is common in
human populations carry the virus. Over 60% of bedbugs captured in beds whose
main occupants are hepatitis carriers also carry the virus. The virus may persist in
the infected bedbug for up to about five weeks after a single feeding on blood
containing hepatitis virus. HBsAg can also be found in the feces of the bedbug up
to five weeks after a feeding. The long-term persistence of the virus in an
environment, the bed, in which transmission can occur from one person to
another, may provide an important mechanism for the maintenance of the
infection within families.

Bedbugs and mosquitoes can be controlled by the use of appropriate insec-
ticides and also by traditional and environmental methods not requiring chemi-
cals. Insect-borne infection may be a major mechanism for transmission of virus
from a carrier mother (or other family member) to a young child; and, as already
said, this is a particularly vulnerable period when carriers may develop. Control
of virus-carrying insects, therefore, may have a particularly important impact on
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the control of chronic liver disease and PHC. There is an additional curious aspect
of insect transmission. They may provide a mechanism for transmitting viruses
from domestic and wild animals that are close to humans, and since these may
contain genetic and other characteristics of their hosts, it may provide a means for
the transmission of genetic information between species that are phylogenetically
distant but physically proximate.

There are many methods by which hepatitis may be transmitted, which also
means that there are many methods by which control can be effected. The use of
the vaccine as well as other preventive measures may markedly decrease the high
incidence of carriers. If this is so, it can be predicted that, in due course, the
incidence of PHC will decrease.

4. A cellular model for primary hepatocellular carcinoma

The relation between HBV and PHC now allows the study of the role of a virus in
the pathogenesis of a human tumor. Sufficient information is now available to
propose a working model for the virus-cancer relation. A model developed for
heuristic purposes should explain all the known data about the phenomenon it is
designed to image and have an interesting character that will generate exciting
experiments. (Copernicus also added that it should be elegant.) The model starts
with the assumption that all (or nearly all) cases of PHC have been infected with
HBV; and this was the conclusion arrived at from the hypothesis testing described
in the first part of this paper. The observations which have to be accounted for in
the model include the following.

1) There is a long incubation period (~20 to 40 years) between the time of
infection with HBV and the development of PHC.

2) More males than females develop PHC.

3) HBV is required for the development of diseases in addition to PHC (i.e.
acute hepatitis, chronic liver diseases, the carrier state, etc.).

4) In the livers of people with PHC, whole virus, HBsAg and HBcAg appear to
occur more commonly and in larger amounts in the cells which have not under-
gone malignant transformation than in the cells which have.

The model should also explain several other features of HBV infection not
directly associated with cancer.

5) The fetus and newborn children (say within the first six weeks) of carrier
mothers do not produce HBV even though exposed to virus in utero, at the time
of birth, and immediately thereafter.

6) Very young children (after about two months and before 10 years) are more
likely to become chronic carriers if infected than adults, who are more likely to
develop acute hepatitis.

The classical model of viral carcinogenesis indicates that the nucleic acid of the
viral agent is integrated into the genome of the host target cell. This genetic
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Figure 3. R cells are resistant and S cells susceptible to productive infection with HBV. R cells are less
differentiated than S cells. When R cells divide they can produce additional R cells and/or S cells, but S
cells can produce only other S cells.

integration results in an alteration of cell characteristics, and malignant transfor-
mation occurs. Recent observations have resulted in a modified model in which
viral DNA integrates at a site adjacent to a host gene which then directs the
process of transformation (promoter insertion). These models explain the pro-
cess by which a cell becomes a cancer cell, but they do not deal in detail with the
emergence of clinical cancer nor with the characteristics listed at the beginning of
this section which pertain, in particular, to cancer of the liver.

The model we propose posits the existence of two kinds of liver cells. 1) The S
cell, which is susceptible to persistent productive infection (i.e. it produces whole
virus, HBsAg particles, etc.) with the expression of viral characteristics within the
cell and on its surface. 2) The R cell, which is resistant to persistent productive
infection.

This notion had been discussed in our laboratory for several years when in 1980
London introduced the concept that the R cells are immature, less differentiated
cells and S cells are fully differentiated, i.e. a characteristic of liver cell maturation
is its increased susceptibility to persistent productive infection with HBV. R cells
are more likely to divide and when they do so can produce 1) two R cells, 2) one S
and one R cell or 3) two S cells. The more differentiated and mature S cells, do not
divide often. When they do divide, they produce only other S cells (Figure 3). The
fetus and newborns have mostly R cells; at about six weeks to three months there
are more S cells and in adulthood nearly all S cells (Figure 4), but some R cells
nearly always persist. We will return to the significance of this later.

Productive chronic infection of S cells with HBV leads to slow death of the cells
both as a consequence of the response of the host’s cellular and serological
immune system to the expression of HBV on the surface of the infected cell and
the interference with the S cell’s metabolism as a consequence of massive viral
infection. In the liver, the stimulus for cells to divide is the death of other cells, in
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Figure 4. There are few S cells in the undifferentiated fetus and newborn infants, but these increase
with time. Adults have mostly S cells.

contrast to, say, the skin where there is constant division and formation of new
cells. Hence, in a liver chronically infected with HBV there is continuous cell
death and cell regeneration. The death is primarily of S cells, while the R cells,
stimulated by the deaths around them, continue to divide producing both R and S
cells; the selective balance is tipped in favor of the R cells (Figure 5). Thus, in
individuals with persistent HBV infection there would be continuous cell death
and continuous cell regeneration. If this process continues long enough, the
pathological conditions of chronic active hepatitis and postnecrotic cirrhosis will
ensue. Because HBV selectively affects S cells, the S cell population would
gradually dwindle, and the R cell population would gradually expand.

If the HBV DNA is integrated into host S cell DNA, and/or if another
carcinogenic event occurs in an S cell, it will not be of long lasting consequence
because, in due course, the S cells are likely to die. If, however, integration occurs
in R cells and/or another carcinogen (i.e. aflatoxin, nitrosamines, etc.) causes
transformation (Figure 6), there will be important consequences. The R cells are
at a selective advantage relative to the S cells; the numbers of transformed R cells
will increase and a clinically perceived cancer will develop if there is uncontrolled
division of R cells to form only other R cells.

Since the R cells are continually dividing in response to continuing S cell death,
the probability of a transformation event is high. If the death of S cells is slowed or
stopped by the control of the HBV infection, then the growth of the cancer may
be halted and regression of small cancers may occur if the R cells are no longer ata
selective advantage.

This model can explain phenomena not directly related to cancer (items 5 and 6
above). In a fetus or newborn there are very few S cells; hence, if the rare S cells
are infected they will die and the infection will quickly terminate since there are
few additional susceptible cells (Figure 7). Later in life (after about six weeks)
there are a larger number of S cells in which infection may be perpetuated after
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Figure 5. Chronic infection of S cells results in death, which may be slow. The R cells are not killed
and their numbers increase relative to the S cells. The HBV DNA may integrate into R cells host DNA
and transformation may occur (dotted circles). Transformation may also be related to other car-
cinogens (i.e. aflatoxin, nitrosamines).
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Figure 6. Transformation of R cells can lead to tumors. Normal and transformed S cells will die if
infected by HBV.
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the death of the initially infected cells. There are also sufficient R cells which can
divide to provide additional S cells, and a persistent carrier state or chronic
hepatitis can ensue. The nature of the liver damage will depend on the extent and
nature of the host response to the infected cells. As already noted, the cycles of
dying, scarring and regenerating of new cells result in the pathological features of
post-hepatic cirrhosis. If an adult is infected with HBV, the S cells will die, but
there will not be sufficient R cells to generate new S cells sufficiently rapidly to
replace those that were killed. Hence, acute infections are more common in
adults.

As long as there are sufficient numbers of R cells from which new liver cells are
rejuvenated, liver function will be maintained. In heavy infection, with the death
of many S cells, the R cells may be the main supplier of liver function. This may
explain the clinical observation that cancer of the liver is often seen in patients
with only minimal or moderate liver dysfunction. This results in an apparent
anachronism; the R cells, including the transformed R cells, provide liver func-
tion until they become so numerous as to destroy the host.

In humans, men are much more likely to develop cirrhosis and PHC than
women, even though male and female babies and children are equally exposed to
HBYV carrier mothers and siblings. Several studies have shown that males are
more likely than females to develop persistent infection with HBV [32, 33, 34, 35]
and among individuals classified as having persistent infection, females are more
likely than males to clear the infection [36]. That is, the male-female difference in
risk of cirrhosis and PHC may be accounted for by a greater ability of women to
prevent or overcome persistent infection with HBV.

5. Consequences of the model

We are now testing this model and in due course we will know if it is supported or
rejected. There are several very interesting consequences of the model which can
be acted upon if it is supported. The model is based on cellular development and
explains phenomena of maturation, benign infection with hepatitis virus (the
carrier state), acute and chronic hepatitis, and cancer. There is no factor that is
found uniquely in the cancer cases that cannot be found in conditions without
clinical cancer.

The model also suggests an approach to cancer therapy different from that
usually used. Most conventional therapies are directed towards the total destruc-
tion of cancer cells, even though in the process normal tissues may be damaged or
killed which often limits the application of the treatment. The model just de-
scribed suggests that an effort should be made to enhance the selective advantage
of the S cells, i.e. to foster the viability of the noncancerous cells so that they may
increase their numbers and prevent the continued growth of tumors.
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6. Prevention

The information now available allows us to proceed to test the feasibility of two of
the three forms of prevention described in the introduction. The availability of
the vaccine and our growing knowledge of transmission and epidemiology of
HBYV allow the design and execution of strategies for primary prevention by
diminishing or eliminating infection, particularly in early childhood.

There are now large populations of southeast Asians in the United States, and
many of them are in Philadelphia. We are developing plans to screen volunteers,
identify HBV carriers and follow the latter to determine if any develop increases
in their alpha fetoproteins (AFP). Chinese investigators, using only AFP testing,
have reported that early tumors can be detected in this manner and that their
removal increases survival [37]. We will try to determine if this approach is
improved by the use of both HBV and AFP screening (also see Chapter 1).

The model, if supported, could lead to an understanding of how prevention by
delay might be effected. Methods for delaying integration or for decreasing the
deadly infection of S cells might result in a sufficient delay to spare the carriers
from cancer during their lifetime, and studies on this problem are now in
progress.
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5. Liver resection for malignant disease

JAMES H. FOSTER

1. Introduction

In the last decade, liver resection for tumor has become an operation which can
be done safely by many surgeons. As more experience has accumulated, our
understanding of the results which may be achieved has matured and we know
better which patients may profit from liver resection for either primary or
secondary liver cancer.

It was not always so. During many preceding decades, liver cancer was con-
sidered incurable and major liver resection was often a lethal event, even in the
major cancer centers. A few pioneers persisted in attempting liver resection for
tumor, but because resectable tumors were so rarely found, no single surgeon or
group developed much experience. In the more recent past, the lessons of trauma
have taught us how to resect liver more safely, and the extensive experience of
Asian surgeons with primary liver cancer has led the way to more interest in the
United States and Western Europe in liver resection for tumor.

A few centers in this country have done as many as 50 or more resections for
tumor in the last ten years, and the experience of many other centers with less
volume has also been collected and reviewed. We know more about the natural
history of both primary and secondary liver cancers, we are better at distinguish-
ing benign from malignant tumors, and we know better what can be expected
from therapies other than resection.

This review will attempt to outline available clinical data which address the
questions about whether and when to resect liver for tumor. Based on these data
and on a moderate personal clinical experience, the author will conclude with
some arbitrary recommendations for patient selection and for the technique of
resection.

J.J. DeCosse and P. Sherlock (eds), Clinical Management of Gastrointestinal Cancer.
(© 1984, Martinus Nijhoff Publishers, Boston. ISBN 978-1-4612-9790-1
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2. Natural history and the results of non-resectional therapy

An argument for liver resection for cancer must be supported by evidence that
resection brings with its attendant dangers some superiority over other therapies
and over the natural history of patients with untreated disease. Too often, in our
desire to do something for a patient, we forget the first law of therapeutics, which
is to do no harm. Anesthesia, operation, chemotherapy, and radiation have all
been shown to reduce immunocompetence in the experimental animal. When a
patient has established some sort of limited balance with his tumor, we may alter
this balance unfavorably or favorably with our treatments.

The mean survival after the diagnosis of primary liver cancer in untreated adult
patients is listed in most reviews as 2 to 6 months, with two-year survival being a
distinct rarity. This dismal prognosis seems particularly true of the patients from
high-incidence areas such as Africa and Southeast Asia where cancer is most
often superimposed on non-malignant diffuse liver disease. However, the picture
may not be as unhappy in Western countries, especially when primary liver
cancer (PLC) occurs in a non-cirrhotic liver. Several long survivors have been
reported without treatment and, in one series of 53 patients who eventually died
of their disease after a liver resection, the mean survival was 24 months and four
patients lived more than 5 years [1].

The histologic variant of PLC recently described by Craig et al. [2] and Berman
etal. [3] and variously called ‘fibrolamellar’ or ‘polygonal cell with fibrous stroma’
carries with it a particularly good prognosis — both for cure after resection and for
long survival with residual disease with or without resection. Although most
PLC’s are large when they are discovered, the tumor has a remarkable tendency
to grow locally in the liver before metastasizing. In a review of 748 autopsied
patients only 52% of the patients who died of PLC had extra-hepatic metastasis at
the time of death [1].

Table 1. Natural history of patients with liver metastases from colorectal primary tumors

Survival after diagnosis of liver metastases

Number of  Stage Survival 1 year

patients (mos) Mean survival
Wood et al. [5] 15 Solitary 16.7 60%

11 Localized 10.6 27%

87 Widespread 3.1 6.%
Pettavel and Morganthaler [6] 12 Minimal 215

41 Moderate 6.9

30 Widespread 1.4
Blumgart and Allison [7] 15 Solitary 38%

13 Localized 45%

76 Widespread 14%
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Pediatric patients with PLC who are not cured by resection do poorly. Ninety
percent of 76 patients dying with hepatoblastoma and 80% of 82 patients dying
with hepatocellular carcinoma were dead within 12 months of diagnosis as re-
ported by Exelby in a series of pediatric patients, and two-year survival with
disease was very unusual [4]. Only four of 37 pediatric patients from another
series who eventually died of their disease after liver resection survived as long as
two years, and they died at 32, 38, 27, and 36 months [1]. Little or no palliation
was achieved in either series by radiotherapy or chemotherapy.

As experience with resectional and non-resectional therapy matures, specific
data about the survival of patients with cancer metastatic to their liver have
become very important in recent years. Retrospective and historic controls are
not as acceptable as they were a decade ago; yet we still have no current
acceptable data on the survival in prospective trials of untreated control patients.
Such data is badly needed. Table 1 lists some of the reported survival data for
untreated patients with liver metastases from retrospective reviews. It is very
important to note that untreated patients with limited (i.e., potentially resecta-
ble) metastases from colorectal carcinoma usually live more than 1 year without
resection or other therapy. Information about long survival of patients with liver
metastases from other metastatic sites is anecdotal. Patients with melanoma and
leiomyosarcomas are particularly prone to long survival without therapy, and
resection has not yet been shown to improve the prognosis of patients with these
uncommon tumors.

3. Diagnostic aids

Human liver tumors are found because they cause symptoms, because of screen-
ing programs for populations at high risk, and, to an increasing extent, because
modern radiologic techniques such as ultrasonography, radionuclide scanning,
and computerized axial tomography are uncovering evidence of mass lesions in
the liver of asymptomatic patients.

3.1. History and physical

If symptoms or signs suggest the presence of cancer in the liver, it is often late in
the disease. Most patients with resectable disease will be asymptomatic and their
lesions will be discovered because a mass is palpated or an astute (or lucky)
physician will have ordered a laboratory test. Pain, weight loss, or paraneoplastic
syndromes may draw attention to a primary liver cancer. Routine follow-up
studies such as alkaline phosphatase, liver scintiscanning, or CEA determina-
tions will uncover a resectable liver metastasis more often than will clinical
symptoms.
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About 10-15% of primary liver cancers will present with intraperitoneal hem-
orrhage. If a patient with cirrhosis has bloody ascites, the diagnosis is primary
liver cancer until proven otherwise. A careful search should be made in taking the
medical history for associated factors such as exposure to aflatoxin, vinyl chlo-
ride, thorotrast, arsenic, and alcohol, or for evidence of cirrhosis, alpha-1-anti-
trypsin deficiency, and those factors associated with hepatitis; e.g. , shellfish, drug
abuse, contaminated water, blood transfusions, etc. Although birth control pills
have been associated with PLC in several case reports, there is yet no verified
cause-and-effect relationship. However, oral contraceptive agents have been
closely related to the incidence of benign liver cell adenomas. Resectable PLC
below age 50, focal nodular hyperplasia, and liver cell adenomas are more
common in menstrual age females in the United States of America; [1] hence
these lesions should be carefully sought when vague upper abdominal complaints
are cause for concern.

3.2. Blood tests

Of the liver function tests commonly performed, the alkaline phosphatase and
SGOT are the most often abnormal with liver tumors, although the infrequently
performed bromsulphalein retention is more sensitive. None is specific for neo-
plasia. Erythrocytosis, hypercalcemia, and various endocrine symptoms are occa-
sionally seen with PLC and may be present even if the tumor is small. Alpha-
fetoprotein is the most specific blood test for PLC. It is extremely useful in
screening populations at high risk and in following both the course of the disease
as well as in the differential diagnosis of liver masses. Patients with several benign
conditions and extra-hepatic neoplasms may show minor elevations of alpha-
fetoprotein, but about 80% of pediatric and adult patients with primary
hepatocellular carcinoma will have elevations of alpha-fetoprotein above 30
ng/ml.

Screening populations for alpha-fetoprotein has been very useful in the diag-
nosis of primary liver cancer in asymptomatic Chinese patients. For example,
resection was possible in56% of patients whose diagnosis of PLC was made by
alpha-fetoprotein screening but in only 18% of patients with a symptomatic
presentation. One-year survival was 64% in screened cases and 15% in the
clinically symptomatic. Three-year survival was 62% in the screened patients who
were resected [8]. Most of these patients can be presumed to be cured perma-
nently after three disease-free years of close follow-up.

The CEA has limited specificity. It is perhaps most useful in the diagnosis of
recurrent colorectal carcinoma. Tartter et al. correlated alkaline phosphatase and
CEA determinations with operative findings in patients with primary bowel
cancer, and found that if the CEA was greater than 10 ng/dl and the alkaline
phosphatase was above 135 international units, there was only a 2% false-
negative rate in the detection of liver metastases [9].
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3.3. Ultrasonography, scintiscanning, and radiographic aids to diagnosis

Ultrasonography, radionuclide scintiscanning, computerized tomography, and
angiography all have an important place in the differential diagnosis of liver
masses and in determination of resectability.

The only primary liver cancer that is often cystic is the very rare cystadenocar-
cinoma, and this can usually be differentiated by ultrasonography from the echo-
free simple cyst and the oceasionally more complex echinococcal cyst. Cyst-
adenoma and cystadenocarcinoma usually have multiple loculations with thick
walls. All of the benign and malignant solid liver tumors fail to pick up technetium
99 sulfur colloid, although focal nodular hyperplasia will occasionally retain
enough reticuloendothelial function to be ‘warm’ on a scintiscan.

The problem with scintiscanning is that it will often miss lesions of 2 cm or less
in diameter. Most primary malignant tumors, liver abscesses, and metastatic
tumors will pick up Gallium. Computerized axial tomography is more accurate
than radionuclide scintiscanning in diagnosing the size and number of liver
tumors, but it must depend on differences in tissue density. Contrast enhance-
ment may help or may actually obscure lesions seen before injection of contrast.
Metastatic lesions or primary tumors with necrosis and hemorrhage are more
likely to be outlined by computerized tomography than are liver cell adenomas
and primary hepatocellular carcinomas because, without necrosis, these primary
tumors may be of the same density as normal liver.

Selective arteriography is the most invasive, most expensive, and probably the
most accurate of the preoperative tests available. It will usually differentiate
hemangioma from other tumors. Hepatocellular carcinoma, liver cell adenoma,
and focal nodular hyperplasia are usually hypervascular, whereas benign cysts,
cholangiocarcinoma, and most metastatic lesions are usually hypovascular. Ex-
ceptions to this rule are provided by the vascular metastases from endocrine
tumors, melanoma, and leiomyosarcoma. Inferior vena cavography may be
useful to determine resectability by demonstrating involvement of the cava or
tumor growth from the hepatic veins into the inferior vena cava at the level of the
diaphragm. A characteristic pattern of spread for primary hepatocellular car-
cinoma in both children and adults is growth of the tumor down the portal vein or
up into the hepatic veins and eventually into the inferior vena cava.

3.4. Tactics in diagnosis

If the history and physical examination raise the suspicion of liver tumor, the
patient should have alkaline phosphatase, SGOT, hepatitis B surface antigen,
and alpha-fetoprotein determinations. Ultrasonography and scintiscanning
should be done next, with preference of the echogram for a suspected cystic lesion
and the scintiscan for a solid lesion. Angiography and computerized tomography
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are the best tests to diagnose hemangiomas before biopsy. Whether scintiscans or
computerized tomograms will prove to be the better way to demonstrate liver
metastases remains to be proven, but probably neither is indicated to follow a
patient with potential liver metastases unless the alkaline phosphatase or CEA is
elevated or there are clinical factors which raise suspicion for liver disease. All
patients in whom resection of a significant part of the liver is planned should have
preliminary angiography to outline the vascular anatomy.

Before liver resection for carcinoma is undertaken, there are two critical
factors which must be assessed. A tissue diagnosis should be made and resec-
tability must be determined. What about needle biopsy? At most sites, this is a
useful tool; but it is to be discouraged with liver tumors unless it will provide data
which will rule out laparotomy entirely. Needle biopsy is very dangerous with
hemangiomas and echinococcal cysts and is relatively dangerous with the hyper-
vascular benign and malignant primary tumors. Needle biopsy of focal nodular
hyperplasia may be read by a pathologist as cirrhosis, and a small needle core of
tissue from a liver cell adenoma will probably yield a histologic diagnosis of
normal liver. Laparoscopy may provide a middle ground by providing evidence
about tumor geography and allowing safe needle biopsy under direct vision.

Short of total hepatectomy with transplantation, resectability depends on the
lack of evidence of tumor spread beyond the capsule of the liver and on evidence
that the tumor does not involve the inferior vena cava or the hilar structures
sufficiently to preclude preservation of both inflow and outflow vessels to a
sufficient liver remnant. The tests mentioned above may be most helpful; but,
more often than not in borderline situations, only full laparotomy with bimanual
palpation — usually after the division of some of the suspensory ligaments — will
provide evidence sufficient to rule in or rule out resection with certainty. There is
no preoperative test which replaces the information which can be perceived by
the eyes and through the fingertips of a skilled surgeon. Even smaller tumors
deep in the right lobe can usually be found by careful palpation. Specific criteria
which preclude resection for various cancers will be mentioned later.

4. Non-resectional therapy

In spite of more than two decades of chemotherapy for both primary and
secondary liver cancers, it is still not possible to document an increase in survival
of patients so treated. Proponents have touted systemic and then regional appli-
cations of chemotherapy with single and multiple drug regimens. Ingenious
devices and techniques have been developed to provide continuous arterial
perfusion in a home setting, but no well-controlled data have yet appeared which
demonstrates superiority of any of these treatments over the natural history of
untreated patients with comparable amounts of disease. Comparison of the
survival of patients who respond to chemotherapy with those who do not (i.e.,
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‘responders’ versus ‘non-responders’) is as illegitimate as the calculation of a
baseball player’s batting average by comparing his good days with his bad. A
thorough exposition of the data which supports these negative conclusions is
beyond the realm of a chapter on liver resection, but the reader is referred to a
well-planned prospective trial of systemic versus regional chemotherapy sup-
ported by the Central Oncology Group [10] and to a recent monograph on
metastatic liver disease [11].

Radiotherapy may provide limited palliation but also has not been shown to
increase survival for patients with PLC or with secondary liver cancer. Yttrium
spheres and I-131 labeled ferritin have been aimed at liver cancer with some
reported success, but survival has not yet been shown to exceed that of untreated
patients. Hepatic artery ligation often results in dramatic shrinkage of primary
and secondary liver tumors, but return of the arterial supply to the tumor can be
documented within a few weeks, and regrowth of the tumor follows along quickly
thereafter. The many combinations of ligation, perfusion, and radiation which
have been tried are testimony to the unsuccessful results of each therapeutic
method alone as well as to the energy and imagination of the investigators, but
more than this cannot be claimed at the present time [11].

There are examples where combination therapy has been successful. The
embryonal tumors of children provide an excellent example of chemotherapy
with resection which has resulted in cure of patients who even have had tumor-
spread beyond the capsule of the liver. There are occasional liver tumors which
respond to chemotherapy or to hormone manipulation; but, unfortunately, the
common varieties of primary liver cancer and metastatic liver disease from the
common primary sites such as colon and rectum, lung, stomach, pancreas,
kidney, esophagus, and breast rarely respond favorably to the chemotherapeutic
agents available today. It is hoped that the pediatric experience may prove to be a
model for the future and that resection, chemotherapy, and perhaps radiation can
combine to afford many, if not most, patients with primary and secondary liver
cancer a chance of cure or significant palliation.

In the meantime, until so-called palliative therapy can be shown to improve the
quality or quantity of survival of incurable patients in properly controlled trials, it
seems prudent to advise against therapy in asymptomatic patients with unresect-
able primary or secondary liver cancer. An important exception would be made if
those patients could be part of an adequately structured controlled patient trial
which would include untreated patients with comparable amounts of disease. The
treatment of patients with symptomatic but unresectable liver cancer is more in
the realm of art than science. Symptoms usually occur late with liver cancer and,
particularly with metastatic disease, survival is usually brief after symptoms
occur. Death from liver failure is often reasonably comfortable and follows soon
after the onset of jaundice or pain whatever the therapy.
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5. The role of resection

How often will a primary or secondary liver cancer be resectable? Are there
standard criteria by which to determine resectability? Can resection be done
safely? Finally, if a patient survives liver resection for cancer, will significdnt
palliation and/or cure result? Some of these questions can be partially answered
on the basis of well-documented recent experience. The questions of resec-
tability, operative morbidity and mortality, and the results achieved by resection
of specific tumors are considered separately.

5.1. Resectability

The question of resectability depends on the definition of the word. For our
purposes, it means removal of all gross tumor without the assumption of a high
operative risk. This chapter excludes total hepatectomy with transplantation or
operative maneuvers requiring vessel reconstruction and/or extracorporeal cir-
cuits. Our definition usually implies curative intent and thus excludes palliative
resection, although one may be indicated occasionally.

Two decades ago, even anatomic lobectomy was fraught with technical dangers
and followed by considerable postoperative morbidity and mortality. Metabolic
problems were common and hospitalizations were long. Today, with better
anesthesia, improved operative techniques, and better post-operative monitoring
and support, we can resect up to three-quarters of the mass of the liver without
serious metabolic derangement. Our prior troubles were due more to blood loss,
hypotension, massive transfusion, sepsis, and late hemorrhage caused by faulty
technique than to ‘liver failure’. The liver has a remarkable (although still not
clearly understood) ability to undergo rapid hypertrophy and hyperplasia when
more than 30-40% of its functional volume has been removed. The requirement
for metabolic support does not usually exceed ten days even with subtotal
resection in uncomplicated cases. Remember, too, that when a surgeon removes
2500 g of tissue for a liver cancer, the uninvolved liver has already hypertrophied
before resection, and most of what is removed is tumor and not functional liver.
Currently, the resectability of a solitary mass usually depends upon the involve-
ment of the portal structures where they come together at the liver hilum and/or
involvement of the out-flow vessels (hepatic veins) near the inferior vena cava.

Does the presence of multiple nodules contribute to unresectability if those
nodules do not involve liver hilum or inferior vena cava? Not, perhaps, in the
anatomic sense; but, as the reader will see below, widely separate nodules of both
primary and secondary cancer usually signify incurable disease. However, satel-
lite nodules around an apparently solitary larger primary or secondary tamor may
be related to local portal vein invasion and are not per se signs of incurability.

A resectable tumor can thus be most simply defined as one localized to a single
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area of the liver which can be safely removed without risk to the in-flow or out-
flow tracts of the residual liver. The presence of an underlying cirrhosis in a
patient with a liver tumor greatly compromises both the safety of the resection
and the curability of the disease, no matter its anatomic location. Liver resection
is seldom indicated in the cirrhotic patient except to control hemorrhage in an
emergency situation. With modern diagnostic techniques, tumors are being
found at an earlier stage. Tumor geography which relates to resectability can
often be worked out before laparotomy. In the last decade, this has resulted in
fewer unnecessary laparotomies and more resections.

How often will a primary or secondary liver cancer be resectable? In a collected
review in 1977 [1] 28% of adult patients with primary liver cancer who came to
laparotomy were resected. Table 2 documents more recent experience. Again,
about 32% of Asian patients with PLC who were explored were resected. This
number increased markedly in those asymptomatic patients whose tumors were
found by mass-screening with alpha-fetoprotein. These figures must be tempered
by the realization that, at least in Asia, many patients with primary liver cancer
never come to laparotomy.

Metastatic cancer in the liver will have spread beyond the possibility of resec-
tion by the time it is discovered in most patients. Raven found resectable liver
metastases in 5% of patients with primary tumors of the stomach, colon, and

Table 2. Liver Resection for cancer — resectability

Reference Patients with Laparotomies Resections % Resectable
PLC
of total of
patients laps

Primary liver cancer

Foster and Berman (1977) [1] 1378 - 179 12% -
- 804 218 - 28%

Balasegaram (1979) [12] 810 535 88 1% 16%
Shanghai (1979 [13]

AFP Screened cases 134 - 31 23% -

clinical presentation 1200 - 97 8% -
Zhaoyou et al. (1980) [8]

AFP screened 66 - 37 56% -

clinical presentation 220 - 39 8% -
Mengchao er al. (1980) [14]

AFP screened 16 16 14 88% 88%

clinical presentation 732 356 167 23% 47%
Okuda et al. (1980) [15] 4031 1041 361 9% 35%
Lee et al. (1982) [16] 935 - 165 18% -

All malignancies (primary and secondary)
Fortner et al. (1978( [17] - 289 95 - 33%
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rectum. Jaffe et al. noted 56 solitary nodules in 173 patients for whom they
described the geography of the metastatic disease. Bengmark and Hafstrom
noted limited, but presumably resectable, disease in 24% of 38 patients with
colorectal liver metastases [20]. Wanebo er al. found solitary metastasis in the
livers of 50 out of 217 patients with evidence of hepatic spread of colorectal cancer
[22]. Several other authors have reported similar findings. One can conclude that
about 15-30% of patients with colorectal cancer will have disease in their liver at
the time of resection of their primary bowel tumor. Perhaps 20-25% of those with
liver disease will have a resectable situation in the liver. Thus, four or five of every
100 patients with colorectal cancer may eventually be candidates for liver resec-
tion [11].

5.2. Operative mortality and morbidity

One of the major reasons why the place of liver resection for cancer is changing
rapidly is that resection has become safer. The risk/benefit ratio has shifted
towards patient benefit and away from an operative mortality rate which, in some
centers, formerly exceeded 35% after major resection. Table 3 documents the
operative mortality after resection which was noted in a national survey several
years ago. Some of these resections were done in the late 1960’s and early 1970’s in
hospitals where very few liver resections were being performed. Table 4 updates
this experience with more recent reports from Asian and Western countries. The
fact that a large majority of Asian patients had diffuse cirrhosis as well as primary
cancer accounts for the increased early operative and postoperative mortality.
That the operative mortality figure is as low as 14% in the cirrhotic Asian patients
is a testimony to the skills of the Asian surgeons, skills which have been refined by

Table 3. Operative mortality? — tumor type

Tumor type Deaths/patients Deaths (%)
Primary cancer, adults 27133 20
Primary cancer, children 17/90 19
Metastatic cancer

colon and rectum primary 8/126 6

other primary 6/51 12
Metastatic carcinoid 3/21 14
En-bloc

gallbladder Ca 10/35 29

other Ca 6/55 11
Adenoma & FNH 4/99 4
Total 81/610 13

2 Adapted from Table 11-1, reference 1.
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an experience much larger than all but a small handful of Western surgeons.
Table 5 documents a clear relationship between the extent of resection and
early mortality, but Starzl’s impeccable record with trisegmentectomy (i.e., no
death after 20 trisegmentectomies) demonstrates that even the largest resections
can be done safely if done expertly [21].
Table 6 attempts to analyze the primary mechanism of operative or postopera-

Table 4. Operative mortality — liver resection for neoplasia

Reference Patients No of Deaths Note
deaths (%)

Asian Reports

Shanghai 1979 [13] 31 0 - PLC, preclinical cases (AFP
screen)

Shanghai 1979 [13] 370 44 (12) PLC, clinical presentation
Balasegaram 1979 [12] 88 14 (16) PLC (51% with cirrhosis)
Balasegaram 1979 [12] 10 2 (20 Metastatic cancer )
Okuda 1980 [15] 301 56 (19) all PLC (79% with cirrhosis)
Mengchao et al. 1980 [14] 181 16 ) all PLC (126 with cirrhosis)
Lee et al. 1982 [16] 165 33 (20) all PLC (85% with cirrhosis)

1146 165  (14.4)

Non Asian Reports

Starzl et al. 1978 [21] 35 0 - 9 metastatic, 26 primary (13
benign)

Fortner et al. 1978 [17] 108 10 9 4% with regular technique
17% with isolated perfusion

Wanebo et al. 1978 [22] 27 2 @) all synchronous resection of
metastases

Sorenson et al. 1979 [23] 31 8 (26) all lobectomies for PLC

Hanks et al. 1980 [24] 21 1 ) 11 metastases, rest benign and

malignant primary
Adson et al. 1980 [25] and

1982 [26] 106 2 2) all metastatic colon & rectum

Adson et al. 1981 [27] 66 3 (4.5)  all primary, 14 benign, 52
malignant

Thompson et al. 1981 [28] 12 0 7 metastases, 5 primary, (3
benign)

Logan et al. 1982 [29] 19 1 5) all metastatic colon and rectum

Aldrete et al. 1982 [30] 16 3 (19) 5 metastates, 11 primary (7
benign)

Bengmark et al. 1982 [31] 21 3 (14) all PLC, all deaths in O.R.

Foster J.H. 1982 [32] 57 3 (5) 20 metastases, 37 primary (20
benign)

Total Non-Asian 519 36 ™

Overall 1665 201 (12%)
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tive death after liver resection for cancer. In order to construct the table, it was
necessary to assign a single cause of death to each patient, although in most cases
several factors contributed. However, in spite of this drawback, it is clear that
failure to control hemorrhage in the operating room is the leading cause of death
in most Western series. Liver failure was the leading cause of death in most Asian
series and was usually related to cirrhosis. For example, 15 out of 16 deaths in the
experience reported from Shanghai occurred in cirrhotic patients [13]. Late upper
gastrointestinal hemorrhage, usually from stress erosions, was another important
(and probably preventable) contributor. Death from sepsis was usually related to
subphrenic abscess, which in turn was probably related to technical factors such
as residual necrotic tissue and dead space.

Three deaths have occurred during 57 resections for tumor by the author. Two
occurred early in his experience: one was related to air embolization during a
re-resection for fulminant carcinoid syndrome, and the other was a death nine
weeks after operation from injury to the major bile duct of the residual lobe. The
third death was due to an acute autopsy-proven myocardial infarction on the
operating table before any blood loss had occurred in a 77-year-old man with
heart disease. It may have been related to decreased venous return after liver
torsion to facilitate exposure.

Western surgeons with greater experience have reduced their operative mor-
tality rates to 5% or below. The 9% overall figure reported by Fortner et al. can
be separated into 17% for patients for whom isolation-perfusion techniques were
used, and 4% for patients undergoing ‘standard resection’. [17]

We have learned that resection cannot be done with low mortality in the
cirrhotic patient and in the elderly patient with cardiac or renal insufficiency. We
have also learned to use the CT scan to investigate tumor geography in the area of
the inferior vena cava, the area most difficult to assess on the operating table.
With better patient selection and with more precise techniques (see below), early
mortality should be reduced to a minimum figure well below 5%.

Postoperative complications are still very common after major liver resection.
Table 7 documents the incidence of several of the more common ones. Atelectasis

Table 5. Operative mortality — type of resection?

Operation Deaths/patients Deaths (%)
Extended Right Lobectomy 10/39 26
Right Lobectomy 45/171 26
Left Lobectomy 5/58 9
Left Lateral Segmentectomy 570 7
Wedge Excision® 17/297 6

2 Adapted from Table 11-1, Foster JH, Berman MM: Solid Liver Tumors [1] plus reference 33.
b Includes all resections, however large, which were not included in other categories.
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and pleural effusion accompany any major operation in the right upper quadrant,
particularly those requiring division of the diaphragm. Subphrenic abscess has
become less common as we have learned to avoid mattress sutures, to control
bleeding more discretely, and to use drains more effectively and often more
sparingly. Liver failure, whether reversible or not, most often occurs in the
cirrhotic patient and, thus, should be avoidable by refusing elective resection to
such patients.

Metabolic complications such as hypoalbuminemia, coagulopathy, jaundice,
etc. are still seen after major liver resection for cancer, but they probably relate
more to the effects of operative trauma, anesthesia, hypotension, and multiple
transfusions than to the removal of too much liver parenchyma. It is common
after a controlled major lobectomy in a non-cirrhotic patient to have no signifi-
cant metabolic complications. Transient abnormalities in laboratory values may
be seen for a few days, but they should return to normal by the tenth postopera-
tive day.

Table 6. Liver resection for neoplasia: Causes of operative deaths
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Postoperative low-grade non-spiking fever is commonly seen after major liver
resection and often remains unexplained. A careful search for a septic (and
drainable) focus should be made; but, more often than not, none will be found.
This fever usually subsides in the second postoperative week, and in many
patients it appears to be totally unrelated to the use or the cessation of antibiotics.
In the current era of improved non-invasive ways to find collections, re-explora-
tion for fever alone after major hepatectomy should probably not be done.

5.3. Survival after liver resection for cancer

If operation can be done safely, and if modern diagnostic tests can effectively
exclude spread of tumor beyond the liver, then the only remaining question in
regard to liver resection for apparently localized primary and secondary car-
cinoma is, Will it do any good? Will we ever permanently rid a patient of his
cancer by liver resection? Can palliation of the symptomatic patient be achieved
by non-curative resection? And, last, the perhaps currently unanswerable but
worrisome question, Will unsuccessful operation accelerate tumor growth in
those patients who are not cured?

Survival figures are crude yardsticks with which to measure results, but they are
perhaps the most objective that we have. They must be compared with the natural
history without therapy or with non-resectional therapy. Specific concentration
will now be focused on (1) primary liver cancer in adults; (2) primary liver cancer

Table 7. Liver resection for cancer: Post-operative complications
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in children; (3) metastatic carcinoma; (4) endocrine tumors; and, (5) ‘en bloc’
resection, i.e., where liver resection is done ‘en bloc’ to remove a large mass of
cancer originating in an adjacent organ and invading the liver by direct con-
tiguity.

5.3.1. Primary liver cancer in adults

Most primary liver cancers (PLC) are not resectable at the time they are diag-
nosed. Most occur in cirrhotic livers. Many are multifocal or have spread beyond
the liver capsule at the time of diagnosis, and others have involved major inflow
or outflow structures sufficient to preclude resection. The propensity of primary
hepatocellular carcinoma to spread up the hepatic veins and down the portal
veins is well documented. Involvement of the hepatic veins is particularly
common.

Asian patients with PLC: Without resection, more than 90% of Asian patients
will be dead within one year of diagnosis. In reports before 1976, even with
resection, only 7% of this most favorable group of patients could be expected to
live as long as 5 years [1]. A large majority of Asian patients have diffuse fibrosis
and/or cirrhosis, thus increasing their operative risk and their chance of multifocal
disease while decreasing their chance for cure with resection. Operative mortality
figures have consistently exceeded the rates of five-year survival in this group.

During the last decade, the picture has changed. Asian surgeons have become
more wary about resecting patients with cirrhosis [12] and they have had the
opportunity to operate upon an increasing number of patients whose tumors have
been uncovered by mass screening of populations at high risk with alpha-fetopro-
tein determinations [8, 13, 14]. The subclinical tumors are smaller, more resect-
able, and more curable. Table 8 documents the improving overall survival after
diagnosis and the marked increase in one-year and five-year survival rates.
Thirty-three to 57% of patients will survive 1 year, and five-year survival now
exceeds the operative mortality rates. Table 9 contrasts the results of resections
for patients whose tumors were found by screening populations with those whose
tumor had a clinical presentation. Although the follow-up is short, three-year
survival has more than doubled and most recurrences and deaths from PLC occur
within 2 years of resection. Most of the patients surviving as long as 3 years are
probably cured.

Western patients with PLC: A collected review of reports of the survivors of
resection for primary liver cancer noted a five-year survival of 21 of 60 patients
(35%) from the literature and 20 of 69 patients (29%) in a nationwide survey of
resected cases. That survey noted no long survivors among the ten cirrhotic
patients who survived resection, and a 34% five-year survival among the non-
cirrhotic patients [1].

More recent reports parallel these results. Adson reported 36% five-year
survival and 33% ten-year survival after resection for PLC in 46 patients [27].
Bengmark et al. resected 18 patients; of the 16 who survived operation, 12 are
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dead from 2 to 5 months postoperatively (mean 18 months), and four are alive at
27, 48, 57, and 84 months after hepatectomy [31]. Fortner reported that 100% of
the 13 patients who survived ‘curative’ resection for PLC lived two years, and
seven patients were alive more than three years after resection [17]. Iwatsuki ez al.
reported a three-year actuarial survival of 52% in 30 patients after resection for
primary hepatic malignancy [34]. Sorenson noted a five-year survival rate of 16%
in 23 patients with PLC [23]. Finally, 16 of the 17 patients whom I have resected
for PLC survived the operation; 10 patients are dead from 8 to 32 months (mean
15 months), and 6 are still alive without evidence of disease at 5, 6, 18, and 23
months, and at 2 and 3 years [32].

Thus, ‘cure’ seems possible in about 30.to 40% of patients with localized PLC
when it occurs in a non-cirrhotic liver. Current operative mortality is about 12%,
or 24 deaths after 115 resections, in recent reports from Western countries [23, 27,
31, 32]. This risk/benefit ratio should improve in the future as operations become
safer and the newer diagnostic techniques uncover earlier and smaller lesions.

A word should be said about tQtal hepatectomy and transplantation for pri-
mary hepatic malignancy. Calne reported on ten patients who lived at least one
year after total hepatectomy and orthotopic liver transplantation for PLC. Two
patients were still alive, one at 5 years and the other 15 months after resection with

Table 8. Survival after resection of primary cancer — Asian patients ~ Recent reports
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evidence of a recurrence. Three other patients had no evidence of carcinoma at
the time of their deaths, two more than five years after transplantation [35]. Starzl
has reported 21 transplants for clinically evident carcinoma (three in patients less
than 15 years of age). Eight patients died post-operatively, of whom seven had no
evidence of cancer at autopsy. Of the 13 who survived the transplant, two were
alive — one at 10 months, apparently free of disease, and the other at 52 months in
spite of the demonstration of miliary metastases in both the abdomen and lung at
the time of resection. Two patients who died had no evidence of cancer at
autopsy. Starzl also reports the incidental histologic finding of primary malig-
nancy after transplantation in three children for benign disease. One child died
postoperatively, but the other two are alive and free of disease at 3 and 11+ years
[34]. These results of transplantation are discouraging, but not dismal. One can
only encourage these investigators to continue to work out the unique and
monumental problems attendant upon transplantation for malignancy.

5.3.2. PLC in children

The primary epithelial cancers of children are hepatoblastoma (which usually
occurs in children under two years of age) and hepatocellular carcinoma (which
occurs in older children). There is also a rare embryonal sarcoma, most often
found in older children. Most pediatric epithelial tumors secrete alpha-fetopro-
tein and most occur in non-cirrhotic livers. In a 1974 nationwide survey conducted
by the Surgical Section of the American Academy of Pediatrics, it was found that

Table 9. Survival after resection of primary liver cancer: Asian patients, screened patients versus
clinical presentation

et al.

Shanghai (1979) [13]
Zhaoyou (1980) [8]
et al.

Menchao (1980) [14]

Alpha-fetoprotein screened cases
number of resected patients 31 66 16
Survival after resection — 1yr 87% 79% 86%
3 yr 57% 62% -
4yr 55.5%

Clinical presentation cases
number of resected patients 112 220 167
Survival after resection — lyr 47% 46% 55%
Jyr 25% 26% 28%
4yr 22.3% 21%
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resection was possible in 67% of 129 patients explored for hepatoblastoma and in
36% of 92 patients explored for hepatocellular carcinoma. Operative mortality
rates were high, particularly in the younger infant, but survival of resected
patients was 76% at one year, 50% at three years, and 34% at 5 years [4].

More recent reports include an extensive Japanese survey and the report of
Randolph et al. on the experience of the Children’s Hospital National Medical
Center in Washington, DC. Okuda et al. found 72 PLC’s in Japanese children 10
years of age and under, of which 64 were hepatoblastomas. Resection was
possible in 47 patients with hepatoblastoma, and 61.5% of the resected children
survived 5 years [15]. Randolph et al. reported on 17 children with primary hepatic
malignancy. Twelve had hepatoblastoma, three had hepatocellular carcinoma,
and two had embryonal sarcoma. Resection of hepatoblastoma was possible in
nine patients and four were still alive, apparently free of disease, at 2, 2, 3, and 4
years after resection. One patient with hepatocellular carcinoma and one with
sarcoma were also apparently free of disease after resection and are possibly
cured [36].

Because PLC in children is usually found in a non-cirrhotic liver, and because it
spreads late, attempts to cure by resection should be aggressive. There are several
reports of the imaginative use of combinations of chemotheraphy, radiotherapy,
and resection to effect long survival (and presumably cure) in patients with
metastatic hepatoblastoma [1]. The author’s recent personal experience includes
two patients in whom preoperative doxorubicin and cis-platinum therapy for
‘unresectable’ hepatoblastomas resulted in marked shrinkage, allowing easy
resection in one patient. Proximity to the inferior vena cava precluded resection
of the small bulk of residual tumor in the other patient. Post-chemotherapy
biopsy of both tumors showed little anaplasia, marked necrosis, and even a few
islands of mature gastrointestinal epithelium, testifying to the efficacy of these
chemotherapeutic agents in controlling this type of embryonal tumor.

This pediatric experience with multimodal therapy may serve as a model for the
future therapy of adult patients with PLC when we develop more effective
chemotherapeutic agents.

5.3.3. Survival after resection for metastatic liver cancer

The last decade has seen the acceptance of the concept that the resection of liver
metastases has a place in the treatment of certain patients with limited disease. As
experience has accumulated, the criteria for selection of operative candidates
have matured and it is now possible to make specific recommendations. The
reported experience of others has been collected [11] and to these data several
recent reports can be added to document survival [7, 24, 28, 29, 37]. There is not
to date, and perhaps never will be, an adequately controlled prospective study
comparing resection with either no therapy, chemotherapy, or radiation therapy
for patients with comparable amounts of disease. The results of resection of
limited metastases from colorectal primaries and from certain pediatric tumor
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metastases in terms of long survival and even cure are so much better than those
reported after chemotherapy using presently available agents that clinicians are
becoming increasingly reluctant to miss an opportunity for ‘cure’.

Unfortunately, this claim for the benefits of resection cannot be made for
metastases from most other primary sites. Indeed, it appears that long survival
after liver resection for tumors such as leiomyosarcomas, melanomas, and endo-
crine lesions are probably more a function of the tumors’ slow growth rate than of
the surgeon’s ability to remove all residual disease.

Table 10 documents much of the collected survival experience. The largest
institutional experience is that of the Mayo Clinic, and it is also the most
optimistic. Adson and co-workers have reported 53 wedge resections and 53
major resections for colorectal metastases [25, 26, 38]. In their initial report of 60
resections, the overall five-year survival was 21%, but at least 42% of the patients
with solitary lesions lived 5 years (Table 11). Eleven of the 15 patients in that initial
report who lived at least 5 years were treated by wedge excision alone. There
were no long-term survivors after resection of multiple metastases [38]. In two
more recent reports of major resection of metastatic colorectal lesions, Adson has
noted a five-year survival of 29%, but this figure improved to 46% if only those
patients without evidence of extrahepatic metastases are considered. In this latest
series, patients with multiple metastases did as well as those with solitary lesions
[25, 26].

Logan et al. reported the UCLA experience with resection of colorectal

Table 10. Survival after liver resection for metastatic cancer: relation to primary tumor site?

Primary tumors Operative Survival Died of recurrence
survivors after 5 yr
2yr Syr
Colon and rectum 367 136/281 61/254 14
(48%) (24%)
Wilms tumor 15 8/14 4/10 0
Melanoma 15 2/11 1/11 1
Leiomyosarcoma 12 4/9 1/9 1
Pancreas 8 217 177 1 (Islet cell)
Uterus and cervix 7 1/5 0/5 -
Stomach 10 1/8 1/8 0
Kidney 7 2/5 1/5 0
Breast 6 0/3 072
Ovary 3 072 0/2 -
Unknown primary 3 0/3 0/3 -
Sarcomas 6 173 173 1
Others 5 2/4 0/2 -

2 Adapted from Table 4 Liver Metastases Vol 18(3):161-202, Current Problems in Surgery March
1981. Year Book Med Pub [11] plus [7],[17], [24], [25], [26], [28], [29], [37].
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metastases, having performed 19 resections with one operative death. Six patients
were dead from 6 to 25 months after hepatectomy (mean 15 months), but there
were 12 patients alive and apparently free of disease, of whom three had lived
more than S years. Of those patients treated more than S years ago, three of nine
survive [29]. Muhe et al. report a 20% five-year survival of 38 patients after liver
resection for metastases from multiple primary sites. There was no long-term
survival in patients with tumor originating outside of the splanchnic bed or with
multiple metastases, but 26% of the patients with solitary metastases lived 5 years
or more [37]. Fortner et al. resected 25 patients with colorectal metastases and
had two operative deaths. None of the 6 patients undergoing ‘palliative’ resection
lived as long as two years. Three-year actuarial survival was calculated to be 72%
for the 17 patients who had ‘curative’ resection (however, only two patients had
survived that long at the time of the report) [17]. Thompson and Little resected
colorectal metastases in six patients. Two patients died at 6 and 27 months, but
four were alive — three more than 5 years. However, all three long-term survivors
had evidence of recurrent carcinoma outside of the liver [28], demonstrating once
again that the surgeon must often share credit for long survival with the natural
history of the disease.

Wanebo et al. recorded a 28% five-year survival after 25 synchronous resec-
tions for liver deposits noted at the time of resection of primary colon and rectal
tumors [22]. Blumgart and Allison performed six curative and three palliative
resections for colorectal secondaries. There were two operative deaths. Only one
patient was alive 6 months after resection. Six others died of their disease, the
longest at 63 months after liver resection (mean 19 months) [7]. Balasegaram had
one five-year survivor after 10 liver resections for metastatic carcinoma in Asian
patients [12].

Many of these five-year survival figures are remarkably close to the 30% noted
after resection of solitary colorectal metastases found in a nationwide survey
several years ago [1]. It is apparent, too, that survival for more than 5 years after
liver resection does not always mean ‘cure’ for patients with colorectal cancer. At
least 14 patients have been reported with evidence of disease more than 60
months after liver resection (Table 10). However, a large majority of those who

Table 11. Survival after resection of colorectal metastases: solitary versus multiple lesions?

Solitary Multiple

Patients at risk for
5 year survival 165 77
Operative deaths 3 8
5 year survivors 50/165 7177
(30%) (12%)

2 From Refs. [11], [28], [29].
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survive 5 years will be permanently free of disease, and perhaps even those who
die late can be considered to have been palliated. Palliative resection where gross
disease is left has not been shown to be effective. Adson’s experience raises some
hope, but that of others suggests that survival will not be effected if tumor is left.
Patient morbidity and expense may well be increased by such ‘debulking’ proce-
dures.

A consensus has been reached by most that the status of the mesenteric lymph
nodes taken during colon resection and the interval between bowel and liver
resection have little direct correlation with survival after liver resection [1]. Muhe
et al. found that synchronous resection yielded a 24% five-year survival in 30
patients, while no patient who was resected metachronously lived as long as two
years [37]. However, the collective experience from many other reports notes a
21% five-year survival (22 of 106 patients) after synchronous resection and a 22%
(22 of 98 patients) after metachronous resection [11], an insignificant difference.

It has become clear that a narrow margin of normal liver suffices as well as a
wide one, and that lobectomy is only indicated when tumor size requires it or the
safety of resection demands it. Patients with larger lesions do less well, although
several patients with huge metastases have become long-term survivors. There is
no difference in prognosis after liver resection between patients whose primary
tumor originated from the rectum or in any other segment of the large bowel [1].

We are left, then, with reasonably solid data which lead to the conclusion that
resection of liver metastases should be recommended when:

(1) the liver metastasis is the only residual disease;

(2) the liver disease is limited in size and location — preferably solitary and
small;

(3) the primary tumor was (a) of colonic or rectal origin, (b) a pediatric tumor
sensitive to chemotherapy, and (c) a slowly growing, unusual tumor such as
leiomyosarcoma, or certain endocrine tumors.

(4) the patient and the surgeon are both well prepared.

5.3.4. Palliative resection to relieve endocrine symptoms

Although cure is seldom, if ever, possible by liver resection, significant palliation
may be achieved in selected patients with disabling symptoms from metastatic
deposits of functioning endocrine tumors. The slow rate of tumor growth and the
resulting long natural history of some patients with these rare tumors justifies
attempts at symptomatic palliation if gross tumor can be removed. Experience
has shown, however, that palliation of endocrine symptoms cannot be expected
unless the vast majority (probably 95% or more) of the functioning tumor can be
removed.

The malignant carcinoid syndrome provides the classic example of the role of
palliative liver resection. In most patients with this disabling symptom complex,
the liver metastases will be widespread and resection will not be possible. In a
few, disease will be localized and bulky and, thus, eminently suitable for ‘debulk-
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ing’. Pharmacologic therapy is often ineffective in controlling symptoms and in
those patients, non-invasive imaging of the liver should indicate whether the
disease is suitable for resection.

At least 47 cases have been reported in the literature where metastatic liver
deposits have been resected from selected patients with the malignant carcinoid
syndrome [1, 7]. In at least five of these patients, two or more resections were
performed for control of symptoms. Two of these five patients died on the
operating table during a second ‘heroic’ attempt. Overall, six patients died after
52 resections (12%). Four of 47 patients (8%) died after the initial attempt.

Of the 39 survivors with adequate follow-up information, 38 patients were
palliated for from a few weeks to more than ten and one-half years. At least ten of
these patients had lived more than 3 years at the time of reporting. The only
patient who survived the operation and was not palliated had considerable tumor
left in his liver.

There are a few reports of liver resection to palliate other endocrine syn-
dromes. Smrcka et al. relieved hypoglycemia in one patient who became symp-
tom-free for at least four years after liver resection of two metastases from an islet
cell tumor [39]. Thompson and Little recently attempted to relieve hypoglycemia
from a metastatic islet cell tumor by liver resection. Their patient died with
persistent disease one year and eight months after resection with an undocu-
mented amount of palliation [28].

Unfortunately, endocrine liver metastases tend to be multiple and diffuse.
Occasionally they are not, and the resectable situation should always be looked
for when symptoms become disabling.

An alternative to liver resection for the malignant carcinoid syndrome is
provided by hepatic artery interruption. McDermott et al. [40] and, more re-
cently, Bengmark et al [41] have reported palliation after dearterialization and
temporary hepatic artery ligation in a few cases. Bengmark, in a literature survey,
noted 50% of patients had been palliated for more than three months by hepatic
artery interruption. In his personal series, he noted some relief for 13 patients
with a malignant carcinoid syndrome lasting for 1 to 42 months (mean symptom-
free interval was 3 months). Four of the eight patients who survived at least 1 year
were relieved, and two are still symptom-free at 34 and 42 months after tempo-
rary interruption of the hepatic artery [41].

5.3.5. Liver resection to satisfy the ‘en-bloc’ principle

Tumors arising in organs adjacent to the liver such as the stomach, the transverse
colon, the gallbladder, the kidney, and the adrenal occasionally invade liver by
direct contiguity. Rarely, a lung or esophageal tumor will invade the liver before
metastasizing elsewhere. Multi-visceral resection for such locally aggressive can-
cers has been recommended when obvious disease has not spread beyond the
hope of cure. In these cases, all or parts of several organs are resected ‘en-bloc’ to
provide a margin of normal tissues surrounding the cancer.
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Will inclusion of a wedge of liver in the resected specimen add risk to the
resection, and will it do any good in terms of long-term survival? Appropriate
circumstances are found infrequently and most cases are not reported. Table 12
reviews some of the published data.

Gallbladder cancer: Perhaps gallbladder carcinoma remains the most contro-
versial topic in regards to ‘en-bloc’ resection. The only long-term survivor listed in
Table 12 after liver resection for gallbladder cancer had a major lobectomy, but
she had a superficial carcinoma that may well have been cured by cholecystec-
tomy alone. It is interesting to note that this patient died 15Y, years after liver
resection of diffuse cholangiocarcinoma.

Because the gallbladder lies over the junction of the right and left lobes of the
liver, a case cannot be made for either right or left anatomic lobectomy. Is there a
place for wedge excision of the gallbladder bed, perhaps combined with dissec-
tion of the lymph nodes along the common bile duct and behind the head of the
pancreas? Data sufficient to answer that question definitively are not yet in, but
the reported experience is not very encouraging. Table 13 summarizes data
collected from 14 reports since 1970 [42]. Many of the included patients may have
had limited disease, yet only two patients of the 85 with adequate follow-up are
alive without disease more than 5 years after liver resection.

Adson makes the best case for extended resection including wedge excision of
the gallbladder bed, but his numbers are small and more time will be needed to
learn the lessons of this experience [43]. For the present, liver resection is
probably indicated only for those patients who have gallbladder cancers which
are not clinically evident and are found incidentally at operation. The disease
should be sharply limited, yet proven by frozen section to extend through the
muscularis. If such a cancer is reported by a pathologist two days after cho-
lecystectomy for benign disease, perhaps a case can be made for re-exploration in
a few months for a ‘second look’. Such an interval might allow the incurable
aggressive carcinoma to declare itself while not precluding limited delayed excis-
ion by wedge liver resection of persistent, indolent, local disease. There is yet no

Table 12. ‘En-bloc’ liver resection for adjacent cancers?

Primary tumor Patients Operative deaths S-yr survivors?
Gall-bladder 57 10 1/41

Stomach 54 3 6/44

Colon 23 2 3/14

Kidney 9 1 0/3

Adrenal 3 1 012

Lung 1 0 0/1

a Adapted from Chapter 10, Solid Liver tumors, Foster JH, Berman MM: W.B. Saunders, 1977 [1].
b Excludes operative deaths.
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Table 13. Liver resection for gall-bladder cancer (14 reports since 1970)2

Operation
Wedge excision Major
‘lobectomy’

Patients 62 24
Operative deaths 10 9
Dead with disease in less than 3V, yr 41 13
Alive, free of disease at less than 5 yr 4 1
Alive with disease at less than 1 year 3 0
Lost to follow-up 1
S-year survivors 3b 1b

2 Adapted from Table 6, Foster JH, Chapter on Carcinoma of the Gallbladder Surgery of the Gall
Bladder and Bile Ducts. Ed. Way LW, Dunphy JE. W.B. Saunders, Philadelphia 1984 [42].
b 1 patient after wedge excision and 1 patient after lobectomy died with disease after 5 yr.

evidence which supports ‘en-bloc’ liver resection for patients with superficial
papillary ‘pathologist cancers’ which involve only the mucosa of the gallbladder.

Gastric cancer: Bulky gastric carcinomas may invade the left lateral segment of
the liver. Wedge excision of part of that segment can be readily accomplished
using mattress sutures, blunt suction technique, or even the crush-clamp tech-
nique advocated by Lin [44]. That only six of 44 patients so treated survived 5
years is discouraging (see Table 12), but adding the liver resection should not
increase morbidity significantly and will result in an occasional cure in patients
with locally aggressive gastric tumor. If tumor has involved the quadrate or
caudate lobes, the risk of resection will probably outweigh any possible benefit to
the patient.

Colon carcinoma: When the liver is involved by direct invasion of a tumor of
the right transverse colon, it is usually only the lower anterior edge of the liver
which is involved. This, too, can be readily and safely resected and may lead to an
occasional ‘cure’.

6. Technique of liver resection for cancer

The finer details of operative technique which allow safe liver resection for cancer
are more thoroughly and more appropriately discussed and illustrated elsewhere
[1, 45-48]. In the next few paragraphs, I will try to summarize and editorialize, in
somewhat dogmatic fashion, to leave the reader with a clear view of my own
current prejudices. Those prejudices have changed and continue to change with
more experience.
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6.1. Pre-operative requirements

Hemostatic mechanisms must be intact to allow safe major liver resection.
Hyperbilirubinemia and hypoalbuminemia are ominous findings which usually
signal incurability, if not unresectability. The chest must be free of disease.
Computerized axial tomography is certainly more effective than standard chest
X-ray and probably more effective than regular tomography in excluding pulmo-
nary metastases.

Angiography is recommended for all patients except those with small and
peripheral tumors. Selective arteriography may uncover disease unsuspected by
other tests and will alert the surgeon to the frequent variations in the arterial
anatomy of the human liver. Inferior venacavography should be performed when
caval involvement is suspected or is suggested by CT scan, particularly for
patients with bulky hepatocellular carcinomas.

6.2. Operative evaluation

A decision for resection should not be made unless (1) there is no disease outside
the liver; (2) a margin of normal liver can be taken around the tumor without
risking either the inflow or outflow vessels and ducts of the remaining liver; and,
(3) when the residual liver looks healthy, i.e., non-cirrhotic and without meta-
stases.

Exceptions occur to every rule. Direct invasion of a limited area of diaphragm
does not preclude resection of an otherwise resectable primary or secondary liver
cancer — involved diaphragm should be taken ‘en-bloc’. Certain endocrine meta-
stases may be enucleated without a margin of normal liver if they lie close to vital
structures, and resection of primary liver cancer may occasionally be indicated in
the patient with cirrhosis to control continuing spontaneous hemorrhage.

A step-wise approch to operative evaluation is recommended. A limited
abdominal incision will allow inspection. If no contraindication is found, the
incision can be enlarged to allow thorough palpation and inspection of the liver,
the regional node-bearing areas, and the rest of the belly. If all is well, the incision
can be further lengthened to allow bimanual palpation of the liver. If involvement
of the inferior vena cava is suspected, division of the falciform ligament back to
the inferior vena cava superiorly and careful palpation through the foramen of
Winslow inferiorly will help to resolve this issue.

Thoracic extension of an abdominal incision is not often needed for adults and
almost never required for children or for patients with tumors in their left lobe.
Although more difficult for the surgeon and more uncomfortable for the patient,
Istill prefer extension into the right thorax over median sternotomy for large right
lobe tumors because it allows careful palpation of the right lung and hilum for
metastatic disease, it provides better exposure for diagnostic evaluation and
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operative control of the difficult hepatic vein/inferior vena cava junction, and
because wide radial incision of the right diaphragm allows displacement of a huge
tumor into the chest, thus allowing safe access to the liver hilum and to the minor
hepatic veins entering the caudate lobe.

6.3. How much liver to resect

Peripheral tumors, even if large, can usually be resected by wedge excision since
non-anatomic division of peripheral parenchyma will not risk vessels and ducts to
the remaining liver. Wedge excision of significant parts of the more central liver
near the gallbladder bed or quadrate lobe may result in necrosis or sequestration
of more peripheral liver and chronic biliary fistula. Much is made of the segmental
anatomy of the liver [44], and, indeed, the surgeon should know his intrahepatic
anatomy. However, segmental excision, which theoretically preserves more
liver, may actually increase the operative risk to the patient and provide little
benefit. Non-cirrhotic patients tolerate uncomplicated anatomic lobectomy so
well that attempts to save one of the major segments of the right lobe are not
warranted.

For practical purposes, there are only four types of liver resection to be
recommended: (1) wedge excision of peripheral lesions; (2) right or ieft anatomic
lobectomy for larger lesions or lesions near the dome of either lobe; (3) left lateral
segmentectomy; and, (4) extension of either right or left lobectomy by taking one
or more adjacent segments of the opposite lobe. Starzl calls extended resection
‘trisegmentectomy’ [46]. Central resections of either the quadrate or caudate
lobes are large wedge excisions.

The clearly-demonstrated, but not-so-well understood, ability of the human
liver to regenerate by hypertrophy and hyperplasia allows resection of up to
75-80% of the liver without important lasting metabolic defects. Remember, too,
that when a huge tumor fills the right lobe, the left lobe will already show
compensatory hypertrophy before operation, and most of what will be removed
will be tumor and not functional liver.

6.4. Control of inflow and outflow vessels and ducts

Hilar dissection before anatomic resection is usually straightforward. Most prob-
lems are caused by failure to appreciate arterial anomalies or the immediate
bifurcation or trifurcation of the right portal vein and bile ducts. The arteries are
best identified during initial dissection by pushing pulsating structures up towards
the surgeon with a finger in the Foramen of Winslow. All hilar dissection,
including clearing of the quadrate lobe for extended right lobectomy, can and
should be done outside of the liver capsule.
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Arguments persist about hepatic vein control before or after, transection of
liver substance. Those with more experience do it later in most patients. An
occasional patient will have an easily accessible right or left middle hepatic vein/
inferior vena cava confluence which can be controlled outside of the liver par-
enchyma, but most patients will not. It is much safer to leave control of most
major hepatic veins until they can be approached anteriorly through transected
parenchyma.

6.5. Parenchymal transection

There are many ways to cut through the liver. For most surgeons and most
patients, however, techniques which are simple, reasonably rapid, and which do
not require fancy tools or techniques are to be preferred. I decry transection with
either the hot or cold knife and I have no experience with the laser. Mattress
sutures produce cuffs of necrosis and risk vessels and ducts in residual liver. They
may still be useful for certain peripheral wedge excisions. Large and specially
designed clamps are used by many and are recommended to reduce blood loss.
Often they are difficult to apply centrally. Their very effectiveness in temporarily
halting bleeding and bile leakage may lull the surgeon into less-than-complete
ligation with subsequent bleeding or fistula formation.

Once the capsule is transected, liver parenchyma should be divided bluntly
with ligation of all ducts and vessels as they are encountered. Finger fracture is
faster but less discrete than blunt suction. The principles are well-established;
leave no dead tissue, occlude every macroscopic transected duct and vessel, and
do no harm to the residual liver. Remember that there is little collateral inflow or
outflow potential for the veins and ducts of the liver. If you tie off the right hepatic
duct, you must remove all of the right lobe to avoid bile fistula.

My own preference is to use a narrow suction tip to bluntly tease apart
parenchyma while controlling the tumor with my non-dominant hand. A prac-
ticed assistant clips or ties all encountered vessels before they are cut. Formal
capsule incision precedes this step and guides the surgeon as he works his way
down through liver tissue. Team work and speed reduce blood loss. Metal clips
are used for all but the largest vessels [1].

6.6. Preparation for closure

Minor venous oozing will usually stop after a few minutes of compression.
Persistent arterial bleeding should be sutured discretely. Clamps will tear and
compound the problem. Approximation of the capsule may assist hemostasis but
usually is not required. Raw surfaces do not require resurfacing. Unless duct
injury has occurred, normal-size bile ducts should not be decompressed. Per-
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itoneal drainage after elective controlled resection is probably overdone in most
instances. A few days of gentle suction through one or two drains will suffice for
most patients. Get the drains out early if they are not productive.

7. Conclusions

When primary liver cancer occurs in a non-cirrhotic liver, it should be considered
as a curable disease until proven otherwise. Only resection will cure, although
chemotherapy and radiotherapy may be required adjuvants for certain pediatric
tumors. Preoperative testing using newer imaging techniques is useful in deter-
mining resectability, but the surgeons’ eyes and hands remain the most sensitive
instruments presently available to assist in making final decisions in borderline
cases. Metastatic disease should also be resected in highly selected instances,
mostly with colorectal tumors. Patients with smaller and apparently solitary
lesions do better, but the status of the mesenteric nodes, the margin of normal
liver tissue resected, and the interval between the bowel and liver resections do
not appear to influence the results after liver resection for metastatic disease.

What should be recommended for a patient in whose liver the surgeon has
found an apparently solitary, but pre-operatively unsuspected metastasis, at the
time of colon resection? If the lesion is peripheral and safely resectable through
the existing incision, excision biopsy is recommended. If circumstances are not
ideal, the surgeon should carefully evaluate the rest of the liver with particular
attention to the relationship of disease to the inflow and outflow vessels, and he
should biopsy the suspected lesion. All liver nodules in gastrointestinal cancer
patients are not metastases, particularly in women. A baseline postoperative scan
and CEA determination should be done and then the patient should be watched
carefully for a few months (e.g. 3—4 months). If the disease is not rapidly
progressive, if thorough re-evaluation reveals no other disease, and if both the
patient and the surgeon are properly prepared, the metastatic focus should be
resected.

Patients with disabling symptoms from localized liver metastasis from endo-
crine tumors may be palliated by liver resection. Other patients with invasive, but
localized, gastrointestinal cancers may occasionally be candidates for wedge
excision of adjacent liver to satisfy the ‘en-bloc’ principle.

Liver resection for cancer can be done safely in the 1980’s and will yield highly
satisfactory results if limited to patients with ‘curable’ disease. Palliative liver
resection, or debulking operations, cannot be recommended (except to relieve
endocrine symptoms) until more evidence is obtained that they will benefit the
patient.
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6. Current concepts in the treatment of
esophageal cancer

DAVID KELSEN

1. Introduction

Malignant tumors of the esophagus are highly virulent neoplasms. In the United
States, there has been no improvement in five year survival statistics over the past
two decades, in spite of technical advances in both surgery and radiation therapy;
only 5-10% of all newly diagnosed patients will be long-term survivors. Although
relatively uncommon in the United States, the disease is endemic in other parts of
the world. The vast majority of esophageal tumors are epidermoid carcinomas. In
a study from Memorial Hospital involving 1,918 patients, Turnbull and his col-
leagues found that 95% had epidermoid cancer, with most of the other cases
involving adenocarcinomas [1]. While most other series have noted a similar
histologic pattern, occasionally up to 15% of patients were found to have adeno-
carcinomas [2]. Whether these studies have included large numbers of gastro-
esophageal cancers, or whether this represents an unusually large number of
patients with adenocarcinoma arising in Barrett’s esophagus, is unclear. In either
case, conventional treatment has been unsatisfactory, and intensive investiga-
tions in the epidemiology, early diagnosis, staging and treatment of patients with
esophageal cancer are ongoing.

2. Epidemiology

The incidence of esophageal cancer varies markedly. In some areas, epidermoid
carcinoma of the esophagus is among the most common of tumors, whereas in
others, it is exceedingly rare. Incidence rates for men between the ages of 35-64
years are shown in Table 1, taken from the excellent review by Haas and
Schotenfeld [3]. In some countries only mortality rates are reported. Because it is
highly lethal, the vast majority of patients with esophageal cancer can be ex-
pected to die of their disease; Doll has established a ratio of 1.19 times the
mortality as indicative of its overall incidence [4]. As can be seen, there is a seven
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to 40 fold difference in incidence between high and low risk areas. Caucasian
males in the United States and Canada have low rates of 2.2-5.8 cases per
100,000, whereas in China and Iran, the equivalent incidence is 109-206 [4]. The
Transkei in South Africa and parts of the Soviet Union also have a high incidence
rate. Areas of moderately high incidence include France (25.5), the United States
for non whites (20.5), and Puerto Rico (35.2). In the Brittany Coast area of

Table 1. Truncated incidence rates in males for esophageal cancer, selected countries

Population Rate
Africa
Mozambique, Lourenco Marques 11.8
Nigeria, Ibadan 2.6
South Africa (colored) 28.0
South Africa (white) 6.1
South Africa Durban (African) 98.9
South Africa Durban (Indian) 14.7
South Africa, Johannesburg (Africa) 21.8
Uganda, Kyadondo 5.5
America
Canada 2.2
United States (white) 5.8
United States (non-white) 20.5
Puerto Rico 35.2
Chile 18.9
Venezuela 4.8
Asia
Singapore (Chinese) 24.6
Japan 20.7
Israel 4.2
Iran, Gonbad 206.4
USSR (Turkmenistan) 110.5
USSR (Uzbekistan) 48.5
USSR (Georgia) 7.9
Northern China 109.0
Europe
Austria 4.9
Belgium 6.2
Denmark 39
France 25.5
Germany (Federal Republic) 4.8
Italy 6.5
Portugal 11.5
Switzerland 151
Sweden 3.4

Incidence rates are given as average annual rates per 100,000 persons aged 35-64 years. From Haas and
Schottenfeld (with permission).



France, the rate of 56.1/100,000 is twice that of the rest of the country, with a
particularly high male:female ratio of 56:1. Although in most areas males pre-
dominate, Iran is an exception with slightly more women having the tumor.

Whether the incidence of esophageal cancer is increasing or whether there
have been improvements in case reporting is unclear. In part, this is because
documentation in underdeveloped countries has been relatively sparse. How-
ever, there is suggestive evidence that, in at least one high risk area, the disease is
actually increasing. Prior to the 1920’s, esophageal cancer was rarely seen in the
Transkei area of South Africa. Burrell reported that a survey performed in the
mid 1960’s indicated that the disease was first noted approximately 25 years
before the survey, with older inhabitants ‘emphatic that it was unheard of in their
young days’[5]. Esophageal cancer, known to the Bantu as a ‘defilment of the
gullet’ is now endemic in this area. On the other hand, the disease was apparently
well known in China even in antiquity. In Linxian Province, ‘hard of swallowing
disease’ has been noted for at least 2000 years; a temple to honor the throat god
was extant until 1927 [6].

The epidemiologic studies that have been performed have thus tried to deter-
mine the environmental and genetic factors that have led to the large differences
in incidence of this disease.

Animal data involving esophageal neoplasms has come primarily from China
and Africa. Chinese studies involving carcinomas of the pharynx and esophagus
in chickens date back to the early 1970’s [6]. The incidence rate among chickens in
Linxian Province was seven times that of other provinces, and paralleled the rate
of esophageal cancer among humans. Interestingly, over 50% of diseased fowl
were kept by families who either had a member with esophageal cancer or were
neighbors of such a family. Ninety-seven percent of the tumors in chickens were
epidermoid carcinomas. Equally fascinating was a study of the incidence of
esophageal cancer in the chickens of families that had migrated to a low risk area,
but who still had a high incidence of esophageal tumors (82.0 cases/100,000 versus
21.53 cases/100,000 for the native group). In parallel with the human data,
chickens belonging to the immigrants had a higher incidence of esophageal
tumors. Since neither the water supply nor the soil tilled appeared to be contrib-
uting factors, the method of food preparation was implicated.

In Africa, large animals such as cattle, sheep, and hogs have been noted to have
an increased incidence of carcinoma of the esophagus or rumen [7]. In Kenya,
Plowright noted that as many as 2.5% of cattle grazing in one area, the Nasam-
polai Valley, had developed epidermoid carcinoma of the rumen [7]. In the Cape
Province of South Africa, 8% of sheep in one farming area developed esophageal
cancer during a ten year period observation [8]. The disease appeared to be
related to two factors: use of a new anti-parasite solution and grazing in plateau
grasslands. Only animals having both factors present developed esophageal
tumors.

Among humans, a number of agents have been suspected to be carcinogenic. In
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the United States and in European countries, alcohol and tobacco abuse are the
two most commonly associated habits. In France, death rates for esophageal
cancer and for alcohol abuse have been significantly correlated. In the United
States, heavy drinkers were more likely to develop this disease. In Africa, the use
of maize as a staple food and its use in making home-brewed beers has been
implicated in high risk areas. Some studies suggest a synergism between alcohol
and tobacco exposures. However, alcohol or tobacco abuse is clearly not the only
cause of esophageal cancer, as the high incidence seen in Iran is in a population
which neither smokes nor uses liquor.

Less commonly seen conditions that also cause an increased incidence of
esophageal cancer include lye ingestion, achalasia, Plummer-Vinson syndrome,
the rare dermatologic abnormality of tylosis palmaris et plantaris, and, perhaps,
reflux esophagitis. For patients with lye-induced strictures and achalasia, the
increased incidence of the disease is high enough to suggest the need for close
follow-up, especially as these patients may chronically have dysphagia, so that the
most commonly seen presenting symptom of cancer may be ignored. Late diag-
nosis probably explains the extraordinarily poor prognosis for esophageal cancer
when seen in the setting of achalasia. In one series, less than 15% of patients had
resectable disease [9].

3. Diagnosis and staging

Mass screening programs have been most successful in areas of high incidence,
such as China. The techniques used in China are relatively simple and can be
performed by paramedical personnel. The mainstay of screening is ‘Lawang’
(‘pulling in a net’), which involves use of an inflatable balloon which is covered by
anylon mesh. The tube is swallowed by the patient, balloon inflated, and the tube
withdrawn by the technician. Smears are then made for cytological evaluation. If
the cytologic specimens are positive, or highly suspicious, barium contrast and
endoscopic procedures, with or without toluidine blue staining, are performed.

Using this procedure the yield of early cases is high: in 1974, 14,000 patients
over age 30 were screened at Yaocun Commune; 75% of tumors detected were
early lesions. Many of these were not detectable by X-ray or by endoscopy.
Patients found during the screening programs were more likely to have a T,
lesion, or even carcinoma in situ, as compared to patients who underwent
investigation because of symptoms, and their improved prognosis appears to be
related to the earlier stage of the disease. In one Chinese series involving 237
patients whose tumor had been discovered during screening procedures and who
had stage I tumors, the five year survival rate was 85.9%; 56.6% were ten year
survivors [10]. On the other hand, the five year survival rate for patients with
more advanced disease (stages III or IV) was 30.3%. Because of the high inci-
dence of esophageal cancer, patient acceptance of these and other surveillance
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techniques are good. Whether such methods can be used in specific high risk
populations in western countries (such as those with prior head and neck cancer)
is unclear; but with the relatively low incidence of this tumor in the United States,
mass screening of the general population may not be cost effective.

Unlike the Chinese experience, few patients in the United States have the
incidental discovery of an esophageal cancer while still asymptomatic. Almost
invariably, dysphagia or odynophagia have been present for 1 to 6 months, and
frequently even longer before a diagnosis is made. In addition to patient delay in
seeking medical attention, it is not at all infrequent to have a physician dismiss the
patient’s complaints as non-specific, prescribing, for example, antacids. The first
barium esophagram may be performed only after persistant dysphagia for weeks
to months.

Once an esophageal tumor is suspected, and barium contrast studies confirm an
abnormality, the initial diagnostic study that is usually performed is an upper
gastrointestinal endoscopy and biopsy to confirm the diagnosis and determine cell
type. The barium swallow itself will also be an important part of the staging
procedure.

In addition to a careful physical examination, barium esophagram and eso-
phagoscopy, the following studies are usually obtained: a 12 channel screening
profile, including serum alkaline phosphatase, lactic dehydrogenase, and SGOT
as measures of liver function; bone and liver scans are performed if the alkaline
phosphatase is elevated. In all patients whose primary tumor is at the level of the
carina or higher (i.e. <25 cm from the incisor teeth), bronchoscopy is mandatory
in order to rule out asymptomatic invasion of the tracheo-bronchial tree. This
finding automatically places the patient in the extensive disease group, indicates
inoperability, and means that the patient is at high risk to develop the disasterous
complication of a tracheoesophageal fistula.

During the last decade, several additional techniques to allow more accurate
staging of newly diagnosed patients have been studied. These procedures are of
interest because of the high percentage of patients who undergo exploration but
who are found to have unresectable disease, or unsuspected hepatic or other
visceral metastases, and because of the substantial operative morbidity and
mortality in this frequently debilitated population. Thus, pre-operative knowl-
edge of the presence of unresectable tumor is of considerable importance. In
addition, as multimodality regimens involving pre-operative radiation or chemo-
therapy become more effective it is essential that objective evaluations of re-
sponse, as well as pre-treatment staging, be as accurate as possible. The finding of
metastatic disease outside the local-regional field is especially important if pre-
operative radiation therapy is planned, as tumor outside the radiation portal will
presumably progress during the 4 to 6 weeks before surgery.

Among the techniques used to evaluate periesophageal structures and regional
lymph nodes are azygography, mediastinoscopy, and computerized tomography
(CT).
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Azygography involves the injection of a water soluble contrast material into a
rib (usually the tenth rib). If the hemiazygous vein is visualized, this almost
invariably means obstruction of the azygous, either by direct extension or by
nodal enlargement. Narrowing of the azygous has the same implication. Segarra
and Carious used this approach to evaluate 26 patients before surgery [11].
Seventeen had normal azygograms; of these 13 patients had resectable disease. Of
the nine patients with abnormal azygograms, the tumor was unresectable in all
eight in whom the block was at the level of primary tumor (indicating direct tumor
extension). In the one patient with involvement of the azygous at a distance from
the primary, only nodal metastases were present and the esophagus could be
removed.

Mediastinoscopy has also been used, in association with staging laparotomy, to
evaluation regional and distant nodal disease. Murray and his associates studied
30 patients who appeared to have disease limited to the esophagus after a
standard work-up [12]. Sixty percent had primary tumors of the upper two-thirds
of the esophagus. All patients had pre-operative radiation before mediastino-
scopy or laparotomy. Five of 30 patients had a positive mediastinoscopy; in four,
the lymph nodes were fixed. None of these patients were explored. Of the 25
patients with negative mediastinoscopies, nine of 17 who had resections had
positive lymph nodes. Celiac metastases were found in 16 of 26 patients who had a
laparotomy, of whom eight went on to undergo resection of the primary tumor.
Murray concludes that resection was palliative in this setting.

Guernsey and his colleagues had evaluated the use of staging laparotomy alone
in 40 patients with tumors in the thoracic esophagus [13]. All appeared to have
resectable disease after a standard evaluation. Sixteen were found to have
unsuspected metastases to abdominal lymph nodes. The incidence of positive
celiac nodes was highest in the mid and lower esophageal lesions. In 12 patients,
nodal metastases were grossly evident at surgery. All 16 patients died within 11
months.

The advent of computerized tomography (CT) has added a non-invasive
technique for evaluation of mediastinal and abdominal structures which may
prove of value not only for staging patients prior to any therapy but for evaluating
response to pre-operative radiation or chemotherapy. Several groups have now
compiled a substantial experience in CT scanning for malignant tumors of the
esophagus. Daffner studied 35 patients with known esophageal carcinoma who
were being evaluated for potential resection [14]. Twenty-nine patients had
obliteration of paraesophageal fat planes at varying parts of the esphagus; 28 had
mediastinal invasion at the time of surgery. Six patients had normal CT scanning
of the thorax; four had no tumor in the mediastinum at surgery. Thirty-three
patients also had scans of the abdomen; among the 19 patients in whom the CT
was positive, 16 were confirmed at surgery to have abdominal metastases. Among
the 14 patients who had negative abdominal scans, 11 were found to be free of
tumor at exploration. CT scanning may make invasive procedures such as azyo-
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graphy, mediastinoscopy, and staging laparotomy obsolete.

Following diagnosis and staging procedures, patients seen at Memorial Hospi-
tal are divided into two groups: those in whom the tumor is clinically limited to the
local-regional (LR) area are considered candidates for potential curative therapy.
These patients have clinical stage I or II tumors using the AJC TNM classification
(Table 2) [15]. We do not currently use invasive staging procedures, and are
beginning to investigate CT scanning pre-operatively. For the present, abnormal
CT scans suggesting paraesophageal invasion or abdominal nodal metastases do
not exclude patients from surgery. Approximately 50 to 60% of our patients have
LR disease. The remaining 40 to 50% either present with metastases to distant
sites or have had a local recurrence following definitive surgery and/or radiation
therapy. They are considered to have extensive disease, and are treated with
palliative intent.

Table 2. TMN classification

Primary Tumor (T) (for all three segments of the esophagus)

TO No demonstrable tumor in the esophagus

TIS Carcinoma in situ

T1 A tumor <5cm in esophageal length with no obstruction, no circumferential involve-
ment and no estraesophageal spread

T2 A tumor >5 cm in esophageal length with no extra-esophageal spread or a tumor of any
size which obstructs or has circumferential involvement and with no extraesophageal
spread

T3 Any tumor with esophageal spread
Nodal involvement (N)
Cervical esophagus: the regional lymph nodes in cervical esophagus are the cervical
and supraclavicular nodes
NO No clinically palpable nodes
N1 Movable, unilateral, palpable nodes
N2 Movable, bilateral, palpable nodes
N3 Fixed nodes
Thoracic esophagus:
NX (clinical evaluation) Regional lymph for the upper, midthoracic, and lower thoracic
esophagus that are ordinarily not accessible for clinical evaluation
NO (surgical evaluation) No positive nodes
N1 (surgical evaluation) Positive nodes
Distant Metastasis (M)
MX  Not assessed
MO No (known) distant metastasis*
M1 Distant metastasis present
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4. Treatment
Surgery for the potentially curable patient

Despite generally poor results, surgery remains the standard treatment for the
patient with potentially curable local-regional esophageal cancer. The lack of
other proven methods has, until recently, led most physicians to accept attempted
resection despite its having the highest operative mortality seen with any routine
surgical procedure. In addition to allowing a small but definite cure rate, resec-
tion and anastomosis usually means permanent relief from dysphagia.

Two major techniques are used to restore alimentary tract continuity: eso-
phagectomy with colon interposition, and esophagectomy with esophagogastro-
stomy.

The major rationale for the use of colon interposition resides in the ability to
perform an extrathoracic, usually cervical proximal anastomosis, thus decreasing
the severity of complications following an anastomotic leak. A leak in the neck is
less serious than one in the chest. None the less, a review of several series using
the colon for reconstruction indicates that this technique is formidable, with a
substantial morbidity and mortality.

Wilkins and Burke reviewed their results using colon bypass in 40 patients, of
whom 37 had malignancy and 3 had benign strictures [16]. There were a total of six
operative deaths (18%), and a 5.2% anastomatic leak rate. It should be noted that
the colon bypass preceded planned esophagectomy in most patients, but was also
used to bypass an unresectable tumor in 13. Huguier and his collegues used the
colon as an esophageal replacement in 46 patients [17]. There were 11 post-
operative deaths; 29% of patients had an anastomatic leak in the neck.

Postlewait and collegues treated 29 patients with esophageal cancer using colon
interposition [18]. There were eight operative deaths, and three patients had non-
fatal leaks. They reviewed a total of 285 additional cases from the literature and
found an overall 24.5% mortality. El-Domeiri reviewed 88 patients treated, at
Memorial Hospital, with colon interposition [19]. Most of these patients received
radiation therapy before placement of the colon bypass. As was the case in other
studies, a fistula at the cervical anastomosis was common, occurring in 41.3%.
Operative mortality was 22.6%. Of the 53 patients who survived the operative
procedure and had adequate follow-up, only 51% were able to resume a normal
diet. Thirty-two percent were not able to use the colon bypass at all, and
continued to use a gastrostomy tube.

In all of these series, the major cause of death was ischemic necrosis of the
interposed colon. Pulmonary dysfunction was infrequent. Nine patients in
Huguier’s series died of nonhemorrhagic shock, whose etology was apparently
unclear. Because anastomatic leak in the neck was so common, strictures oc-
curred in 12% of patients. Dilation of an anastomatic stricture following colon
bypass may be difficult, and surgical revision is usually needed. Most colon
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procedures require several steps. Attempts at single-stage operations, although
certainly feasible, appear to have a higher operative mortality than do staged
procedures.

In summary, colon interposition has the advantage of allowing a cervical
anastomosis, thus avoiding the dangers of an intrathoracic anastomatic leak.
However, it usually requires several stages to completion, has a substantial
operative mortality, and a fairly high stricture rate. Considering the extremely
short survival of these patients, a treatment plan that includes several major
operative procedures spread over a number of months is probably undesirable.

4.1.1. Esophagectomy with esophagogastrostomy

Esophagectomy followed by an esophagogastrostomy is the second major form of
reconstruction of the alimentary tract. Its major advantage is that it is a single
stage procedure, which is technically relatively easy to perform. Until recently,
the major disadvantage has been the high rate of intrathoracic anastomatic leaks,
with the associated risks of mediastinitis and death. However, the introduction of
mechanical stapling devices has resulted in a decreased incidence of leakage and
simplified performance of the anastomosis. As a result, esophagogastrostomy has
become more popular. Steichen and Ravitch reviewed the use of stapling devices
in esophageal surgery [20]. Several different instruments are currently available,
including the EEA (End to End Anastomosis), GIA and TA-55. Basically these
devices allow rapid and safe performance of the anastomosis, employing double
rows of metal staples. Details of the technique can be found in Steichen’s review.

The most common complication we have seen is a fairly high incidence of
anastomotic strictures (approximately 25% ) which, however, are usually handled
easily by dilation. In addition to technical advances seen using the stapling
devices, improved nutritional support services and better post-operative care
appear to have decreased the operative mortality seen following esophago-
gastrectomy. The Lewis approach, involving a vertical upper abdominal incision
and right anterolateral thoracotomy, is now widely used. A combined thoracoab-
dominal, left sided incision is still favored by some for lower third or gastro-
esophageal junction tumors. With either approach, more recent studies suggest
that the operative mortality, in experienced hands, should be less than 10%.

In a nonrandomized study, Wilson and co-workers compared esophagogastros-
tomy, with radiation therapy for midthird esophageal lesions [21]. There were 20
patients in each group. In the surgery arm, there was one operative death (5%),
and four major post-operative complications. Ellis reviewed his experiences at
the Lahey Clinic [22]. Of 82 patients undergoing exploration, 72 had resectable
disease. The operative mortality was 2.8% . Approximately 25% had post-opera-
tive complications. Similarly, Piccone and his collegues used the Lewis procedure
to resect middle-third esophageal carcinomas in 55 patients [23]. The operative
mortality was 3.6%. Carey, Plested and Hughes explored 39 patients with middle
and lower third lesions [24]. There were no post-operative deaths among 37 who
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had resectable disease, although 16 patients had minor or major post-operative
complications. It thus apears that using current techniques, the operative mor-
bidity and mortality for esophagogastrectomy is acceptable. However, the over-
all, long term results have remained poor.

Earlam and Cunha-Menlo have extensively reviewed the results of series
where surgery was a major part of the treatment plan [25]. Although they did not
separate those programs using surgery alone from those including pre or post-
operative radiation, and although many series included substantial numbers of
patients with adenocarcinoma, the statistics for the 20 year period 1960-1979 are
quite helpful in giving an over-all picture of the disease during that time. Data
were included from 122 series involving 83, 783 patients. The mean operability
rate was 58%; 39% of patients had resectable disease. Operative mortality was
25% (a mean of 13 deaths out every of 58 operable patients). The one-year
survival was 31% for patients with operable disease and 45% for those with
resectable disease; at 24 months, survival fell to 14% for operable patients and
20% for those with resectable tumors.

This review, which encompasses results from throughout the world, provides a
good idea of the dismal prognosis for this tumor. By extracting from their report
those series published since 1972 and adding those published since 1980, an idea of
surgical results in the last decade, including the period when the stapling devide
and nutritional support began to gain widespread acceptance, can be obtained.
These more recent studies are shown in Table 3. Again, the treatment plan for
these patients may have included other modalities besides surgery (usually radia-
tion). The operability rate is probably unrealistically high, as some larger series,
such as that of Giuli and Gignoux, include only operable patients. The results of
these studies indicate that the operability rate was 82.8%, and resections were
possible among 52.7%. The operative mortality was 22%; at one year, 22.8%
patients were alive; but by 5 years, only 3.6% had survived.

4.1.2. Surgical palliation

The main aim of surgical palliation of advanced esophageal cancer is to restore
nutritional function by relieving or bypassing the mechanical obstruction caused
by the tumor.

The easiest and probably most unsatisfactory solution to the problem is the
placement of a feeding gastrostomy. Although this is technically simple to per-
form even in severely debilitated patients, gastrostomy does not restore the
ability to swallow; patients with high-grade blockage are still unable to handle
their own secretions. The technique generally means an inhospital stay of 5 to 10
days, and does have an associated mortality of 5 to 10%. If possible most
investigators would rather avoid using a feeding gastrostomy.

Dilatation of the tumor-obstructed segment has been used successfully to allow
ingestion of at least a soft diet. The major disadvantage of this procedure is the
need for repeated applications; in addition, dilation may not be feasible if the



Table 3. Surgery in esophageal cancer 1972-1982

Author Number of % op % res % res Survival (%) Ref.
patients mort
1yr Syr
Amer Joint Committee 917 24 5 26
Angorn 924 13 1 27
Applequist 701 54 24 23 4 28
Belsey 198 85 76 26 20 2 29
Boyd 56 100 100 9 43 30
Buck 118 26 19 35 31
Carey 37 100 11 24
Cedarquist 966 15 7 45 8 2 32
Chinese 1228 100 94 1 33
Drucker 45 100 100 4 34
Ellis 82 100 88 2.8 22
Gary-Bobho 755 30 22 12 23 5 35
Giuli 2400 100 100 30 14 36
Hambraeus 50 100 26 38 37
Hankins 234 21 18 54 27 1 38
Hunt 387 10 39
Jackson 292 75 74 19 18 5 40
Just-Vera 4342 1 41
Kelsen 110 90 61 12 5 42
Leverment 452 84 69 34 51 43
Lortat-Jacob 4000 44 26 53 17 3 44
Lowe 600 31 6 1 45
Marks 415 33 24 7 5 46
McKeown 403 97 92 11 47
Milne 600 96 84 27 48
Mohansingh 969 78 62 15 10 49
Nakayama 6282 66 40 5 1 50
Parker 609 28 19 41 2 51
Pelletier 75 76 48 9 4 52
Picconi 89 93 91 10 53
Rambo 486 32 22 6 54
Ross 182 45 26 55
Rossetti 482 41 4 56
Roussel 1402 31 22 57
Sanfelippo 432 61 41 58
Segol 8 100 100 13 75 13 59
Seitz 164 35 60
Skinner 110 53 43 21 3 61
Smith 41 63 29 5 62
Stoller 127 43 11 1 63
Stone 86 79 60 12 7 64
Takita 153 26 1 65
Van Houtte 136 12 13 19 5 66
Wabhlers 205 21 1 67
Webb 52 100 44 30 25 2 68
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patient has a long segment that is obstructed. When used by skilled operators,
complications of perforation and fever were rare (10% of patients but <2% of
dilations [69].

Intraluminal tubes have been widely used over the past 20-30 years in patients
with unresectable disease (either with or without metastases) or in those with
localized recurrences following a resection or definitive radiation therapy. Most
tubes require a gastrostomy to allow placement. They are generally either pulled
through the lesion from below, or pushed through from above. The advantages of
an intraluminal tube over dilatation include a single procedure rather than
multiple applications, and potential use in longer lesions. However, in addition to
the need for gastrostomy, intraluminal tubes can not be used for upper lesions
(cervical or high thoracic). The narrow inner lumen of most tubes usually limits
the patient to a soft diet, but relief of dysphagia to at least this extent is seen in
60-90% [70-73]). An operative mortality of 10-20% has been reported by most
investigators; hospitalization averages 8 to 10 days. Late complications include
tube migration, chronic reflux of gastric contents if the tube traverses the lower
esophageal sphincter (which increases the risks of aspiration pneumonia) and,
rarely, perforation and hemorrhage if the tube penetrates the esophageal wall. In
areview of over 2500 cases using standard intraluminal tubes, usually placed via a
gastrostomy, the non-fatal complication rate was 28% [73]. More recently, Boyce
and his colleagues have used an intraluminal tube that does not require gastros-
tomy for placement [74]. As is the case for standard tubes, the per-oral technique
cannot be used for high lesions (cervical or upper thoracic). Complications when
using this technique appear to be substantially less common than those seen with
an operatively-placed tube.

Many surgeons feel that even in the presence of advanced disease, a palliative
resection or a bypass procedure is preferable to gastrostomy, dilatation, or an
intraluminal tube. The rationale for the use of a major surgical procedure in the
face of incurable disease is that one has, in general, definitively treated the
patient’s major symptom, dysphagia. Solids are usually handled easily and pa-
tients can enjoy a normal diet until death from intercurrent disease. This type of
approach is usually used in the 40 to 60% of patients who have operable (local-
regional) tumor but who are found, at the time of surgery, to have clearly
incurable disease.

The definition of a palliative resection varies, but in general means that either
gross tumor was left behind, that microscopically positive margins were present,
or that metastatic tumor was resected (e.g. celiac lymph nodes) as part of the
procedure. Since the five year survival rate for esophageal is so poor, many
surgeons approach all patients with even operable tumors with the understanding
that the treatment planned is for palliation, and if an occasional patient is cured,
that is an extra dividend [29].

A number of different procedures have been used for palliative resections.
Except for bypass techniques, they are identical to those discussed above for
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Bypass procedures using the stomach to anastomose above the level of the
obstruction have been fairly widely used and appear to have an operative mor-
bidity and mortality similar to that of patients undergoing resection. In one series
of 55 patients, a 7.5% operative mortality was seen. Of the 51 who survived
surgery, only three did not have an improvement in swallowing function [30]. The
complication rate was 33% and mean survival was only 5 months. Similar results
were seen in a group of 119 patients with middle-third lesions who had a palliative
resection. The median survival was again 5 months, and the operative mortality
28% [29].

The major disadvantage as far as any surgical intervention is concerned is the
significant operative morbidity and mortality (10-30%) attendent. Patients in
whom palliative procedures are performed have as can be seen from the series
discussed above, a median life expectancy of 5 to 6 months. For this reason,
radiation therapy is used by many physicians in patients with locally advanced
disease.

4.2. Radiation therapy

Radiation therapy for esophageal carcinoma can be given with curative (radical)
intent, or for purposes of palliation only. Pearson has defined the indications for
curative radiation therapy to include:

(1) a diagnosis of epidermoid or undifferentiated cancer;

(2) no evidence of distant metastases;

(3) the primary lesion is less than 9 cm in length;

(4) the tracheo-bronchial tree, thyroid, stomach, and vertebrae have not been

invaded by the tumor;

(5) reasonably good general medical condition.

The recommended dose of curative radiation, in Pearson’s experience, is 4800—
5300 rads to a volume of 15af096.5 cm delivered in 20 equal fractions [75]. At
Memorial Hospital, doses of 5500 rads are given using a multiple port technique,
the first 4,000 rads via standard anterior-posterior parallel opposed portals, and
the final 1500 rads given via tangential fields (thus decreasing the risk of spinal
cord toxicity).

Survival is usually the end point of most trials; few studies involving the use of
radiation in the treatment of esophageal cancer, either with radical therapy for
potentially curable disease, or using palliative doses, have attempted to quanti-
tate the effectiveness of radiation in inducing objective tumor regression. Recent
studies from Memorial Hospital, involving investigational chemotherapeutic
regimens, have indicated that serial radiographic studies can be used to quantitate
the responses in the primary site. Pre and post treatment barium esophagrams
were required in these chemotherapy studies. In most cases, the radiographic
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assessment of response was compared to pathological evaluation following surgi-
cal resection, or endoscopic confirmation in non-operable patients [42].

A complete response (CR) required both a normal barium esophagram as well
as endoscopic confirmation of regression, including negative cytology or patho-
logic review of the resected specimen and all tissues sampled at surgery indicating
that no viable tumor remained. A partial response (PR) thus means either a more
than 50% decrease in the tumor mass as seen by repeat barium esophagram, or
that the esophagram was now normal, but viable tumor (microscopically or
macroscopically), was found at endoscopy or surgery. A minor regression, which
is not used in calculating response rates but which may give substantial symp-
tomatic relief, means that definite improvement in the barium esophagram is
seen, but this involves less than 50% tumor decrease. Radiographic examples of
tumor regression as seen by barium esophagram have been reported [42, 76].
Only occasional radiation therapy studies have made similar assessments. In one
trial, by Kolaric and his colleagues, four of 12 patients receiving radical radiation
therapy (5,000-7,000 rads) had partial regressions lasting for a median of 6
months [77]. Most other studies have used survival as an endpoint, and, again,
discuss this only in relation to patients treated for cure. However, a few reports
have described improvement in dysphagia, which at least gives some idea of
tumor regression.

Van Andel and his colleagues used radiation therapy alone in 67 patients with
advanced disease who were treated with palliative intent [78]. Three to five
thousand rads were delivered to the tumor over a 2 to 4 week period. One-half
had ‘reasonable to good’ relief of dysphagia. Survival was poor, with only three
patients living for more than one year. Wara et al. used a higher dosage of 5,000~
6,000 rads in a group of 129 patients [79]. One-fifth were unable to complete the
treatment plan usually because of progressive disease. Of the 80% who finished
radiation, two-thirds, 54% of the entire group, had relief of dysphagia for at least
8 weeks, but in only 11% was swallowing improved for more than 6 months.
Placement of a celestin tube was required in 30 patients. The Eastern Coopera-
tive Oncology Group has recently completed a study comparing radiation therapy
alone with the use of radiation and bleomycin [80]. The dosage of radiation was
5,000-6,000 rads. Among those receiving radiation only, in whom an assessment
of improvement in dysphagia was made, 18 of 37 (49%) had improved
swallowing.

Thus, objective response data, combined with symptomatic improvement,
suggest that approximately 50% of patients receiving 3000 to 6000 rads will have
enough tumor shrinkage to substantially relieve their dysphagia. This improve-
ment will last for 2 to 6 months. The other 50% will have little or no improve-
ment.

Radiation toxicities and complications, when given with curative intent, can be
substantial. They include esophagitis, tracheo-esophageal or esophageal-aortic
fistula, mediastinitis, pneumonitis, and myelosupression. In the study by Earle et
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al., mild myelosupression (white blood cell nadir counts between 2,000 and
4,000) occurred in nine of 37 (24%) patients; two patients (6% ) had severe
leukopenia (less than 2,000 white cells/mm?) [82]. Tracheo-esophageal fistulas
were seen in three of 37 (9% ) patients in Earle’s study, and one of 12 in Kolaric’s
study. Elkon et al. treated 50 patients with curative intent [81]. Three patients had
significant radiation toxicity: one developed transverse myelitis, one perforated
his esophagus and died of mediastinitis, and one had severe pulmonary fibrosis.

Radiation esophagitis usually begins during the second week of therapy, and
becomes most severe during the fourth week of a 4 week schedule. Earlam and
Cunha-Menlo have pointed out the difficulty in assessing the true complication
rate of radical radiation therapy since many patients will develop progressive
disease during treatment [82]. In these cases, the total dose of radiation is
lowered, the treatment volume is reduced, or therapy is stopped entirely and the
patient is listed as having had palliative radiation. In one study, 20% of patients
had early termination of radiation [79].

There are no direct comparisons between surgery and radiation therapy as far
as survival is concerned. Since most patients with potentially operable disease do
indeed undergo exploration, radiation series are probably heavily weighted with
poor risk patients. Table 4 from Earlam and Cunha-Menlo summarizes survival
data from a number of radiation studies using supervoltage techniques [82,
83-129]. As can be seen, survival results are poor: at 12 months, only 18% of
patients were still alive. Two year and five year survival rates were similar (8%
and 6%), suggesting that the two year mark might be a reasonable one for
prediction of ‘long-term’ survival. These data suggest that radiation may not be
significantly worse than surgery as far as long-term survival is concerned. How-
ever, as discussed above, palliation of dysphagia is probably not as good.

When patients with esophageal carcinoma relapse following radiation, tumor
recurrence can be either local or distant. Elkon reviewed the sites of recurrence in
30 patients who had received curative dosages [81]. Since they were not, in
general, explored surgically, patients were clinically staged retrospectively by the
length of the lesion and the presence of metastases. The overall local recurrence
rate in the radiated field was 44%; an additional 26% had marginal recurrences
(at the edge of the port). Patients with longer lesions (stage II or III) had a higher
rate of local recurrence than did those with stage I (<5 cm long) tumors (64% vs
25%). However, the number of patients in each subgroup was small. Pearson had
noted a similar local recurrence rate =50% of patients treated with radical
radiotherapy had regrowth of tumor in the radiated field. Distant disease was at
least as common as local failure, with a number of patients relapsing at both sites.

The failure of either radiation or surgery to cure substantial numbers of
patients is not surprising in view of the findings of several autopsy series. In the
most recent of these, Anderson and Ladd reviewed the autopsy records of 79
patients dying of esophageal cancer [130]. As this was a Veterans Administration
Hospital study, all patients were males. 94% had residual active tumor at au-



138

Table 4. Results of radiation therapy 1954-1979

First author Year No. patients Palliative RT Survival (%) Ref.
(%) 1yr Syr
Appelquist 1972 188 31 3 85
Buschke 1954 60 22 33 4 86
Cederquist 1978 700 45 4 87
Cossu 1967 154 16 2 88
Ebarhardt 1970 41 5 89
Eichorn 1966 872 4 90
Gary-Bobo 1978 530 14 2 91
Gunderson 1976 169 19 92
Gynning 1965 355 22 25 6 93
Hankins 1972 181 34 1 94
Heinze 1973 110 14 2 95
Holsti 1969 132 31 96
Humphrey 1968 188 18 1 97
Krishnamurthi 1965 100 22 12 4 98
Kuttig 1966 27 7 99
Lawler 1969 68 93 1 100
Lawrence 1976 169 19 101
LeBorgne 1963 294 3 102
Lederman 1966 196 19 1 103
Leon 1971 196 1 104
Levit 1970 25 12 105
Lewinsky 1975 85 0 106
Lowe 1972 224 11 3 107
Marcial 1966 197 23 28 4 108
Marks 1976 82 60 2 109
Martinez 1964 362 8 1 110
Meynard 1965 110 16 1 111
Millburn 1968 64 61 9 112
Miller 1962 33 76 113
Moor 1968 17 100 114
Moseley 1968 26 100 4 115
Mustard 1956 125 18 1 116
Nakayama 1967 100 6 117
Pearson 1978 288 83 20 118
Pelletier 1972 21 10 119
Pierquin 1966 115 3 120
Robertson 1967 39 8 121
Ross 1974 40 13 122
Skinner 1976 21 18 123
Stoller 1977 53 8 124
Takita 1977 57 2 125
Vanhoutte 1977 120 28 22 2 126
Verhaeghe 1971 300 30 21 127
Voutilainen 1975 140 28 7 128
Wabhlers 1975 205 39 21 2 129
Walker 1964 35 6 130
Wara 1976 129 18 1 131

Watson 1963 19 54 21 132
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topsy. Nine percent of patients were found to have only local tumor; the remain-
ing 85% had disseminated disease, with 82% having residual local tumor as well.
The most common sites of metastases were lymph nodes, lung, and liver; the
latter two sites were involved in approximately 50% of patients. With a median
survival of 4 months, the extensive nature of tumor found at post-mortum
examination cannot be ascribed to a prolonged interval between diagnosis and
death. Similarly, Attah and Hadju reviewed 113 autopsies performed at Cleve-
land Metropolitan General Hospital [131]. 73% had metastatic disease. Again,
lymph nodes, lung, and liver were the most common sites. Bosch et al. found that
32% of their patients had no local disease at autopsy, but more than one half of
these had died in the immediate post operative period. Overall, 51% had lymph
node or visceral metastases at autopsy [132].

These and other autopsy series have established that in the majority of patients,
esophageal cancer is disseminated at the time of diagnosis. Localized treatment
planning alone is thus doomed to failure. Clearly, development of effective
systemic therapy would allow treatment of both the primary tumor and metastatic
disease.

4.3. Chemotherapy

4.3.1. Single agents

Because the vast majority of patients with esophageal cancer have or will develop
systemic disease, effective chemotherapy should, at least theoretically, play a
major role in their management. However, surprisingly few antineoplastic agents
have undergone sufficient testing in this disease. If one accepts the need for at
least 19 adequate patient trials for any given agent to determine if it is active (if 19
patients are adequately studied »and not one response is seen, it can be assumed
with 95% confidence, that the drug in question will have therapeutic activity in
less than 15% of patients), then only 10 drugs have had at least minimal phase 11
studies in epidermoid carcinoma of the esophagus (Table 5). For the medical
oncologist, adenocarcinoma of the esophagus is a different disease, usually
treated with the same agents used in gastric cancer.

Bleomycin, an antitumor antibiotic, is the most widely used single agent. Data
compiled from a number of different studies, involving various schedules and
routes of administration, indicate that major objective tumor regression (com-
plete or partial remissions — CR + PR) were seen in 17% of patients [133-135].
The median duration of response was usually quite brief (1.5 to 2.5 months), and
rarely of significant clinical benefit. Bleomycin’s major toxicities include
mucositis, fever, chills and pulmonary fibrosis (usually seen after cumulative
doses exceeding 200 units). Myelosupression is uncommon.

Methotrexate, an inhibitor of folic acid reductase, was studied by the Eastern
Cooperative Oncology Group (ECOG) [136]. In a small group of 26 patients
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three responses were seen. Major toxicities of methotrexate include my-
elosupression and mucositis. During the same trial, 5-Flurouracil, a pyramidine
analogue, was given to 23 patients; four (17%) responded. The median duration
of response for both drugs was approximately 2 months.

Adriamycin, another antitumor antibiotic, has undergone two separate stud-
ies: one by Kolaric et al., in patients with locally advanced disease, and one by
ECOG in patients with systemic disease [136, 137]. In the first study, six of 18
patients had partial responses, and Kolaric concluded that the drug was active.
However, in a more recent study by ECOG, only one of 20 patients had a brief
regression. Adriamycin probably has only modest activity in this disease. Its
major toxicities are nausea and vomiting, alopecia, myelosupression, and a
congestive cardiomyopathy seen after total cumulative doses exceeding 450-550
mg/m?2.

Mitomycin C is the third antitumor antibiotic which has been studied in
esophageal cancer. In its initial trials, from India and Japan, modest activity was
seen, with four of 27 (15%) patients having partial responses [138]. In a more
recent study by the ECOG, a higher response rate was noted (8/24) but, at the
dosage and scheduled used, toxicity was prohibitive with severe myelosupression
being seen in 31% of patients [136]. Overall, mitomycin has moderate activity in
esophageal cancer. CCNU, a nitrosourea which functions as an alkylating agent,
has undergone a small Phase II trial and also had modest activity.

Methyl-glyoxal bis (gualylhydrazone) (MGBG) is an inhibitor of polyamine
synthesis that was first studied by Falkson in the early 1970’s. Using a daily dosage
schedule, he found that this agent was active but toxicity, including mucositis, was
severe [139]. Interest in MGBG was renewed after Knight ef al. demonstrated
that toxicity using a weekly schedule was markedly decreased [140]. A trial of
MGBG using the weekly schedule has recently been completed at Memorial

Table 5. Chemotherapy of esophageal carcinoma. Single agent activity

Drug Patients studied Patients responding (%)
(Complete/Partial)
Bleomycin 64 11 (17)
Methotrexate 26 3 (12)
5-Flurouracil 23 4 (17)
Adriamycin 39 7 (18)
Cisplatin 61 11 (18)
Vindesine 35 5 (15
Mitomycin C 48 12 (25)
CCNU 19 3 (16)
Methyl-GAG 45 9 (20)
VP-16 20 0 (0)
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Hospital [141]. Most of the patients in this study had received prior chemotherapy
with either cisplatin-bleomycin or cisplatin-vindesine-bleomycin (see below). In
most chemotherapy trials, prior treatment with other agents decreases the
chances of response. None the less, activity was seen using MGBG, confirming
Falkson’s observations, and toxicity was substantially less. Interestingly, all
responding patients had received prior chemotherapy suggesting that, in at least
some patients, MGBG was not cross-resistant with cisplatin, bleomycin, and
vindesine.

Vindesine is an investigational vinca alkaloid which has undergone extensive
testing over the last 4 to 5 years. In esophageal cancer, 35 patients have been
treated using a weekly or semi-weekly schedule. The majority of those patients
were studied at Memorial Hospital, and a number of them had received prior
therapy with cisplatin-bleomycin [142]. Modest activity in the 15% range has been
noted, with a median duration of response of 5 months. Vindesine’s major
toxicities are myelosupression and a peripheral neuropathy.

Since the initial report of the activity of cisplatin-bleomycin, three phase 11
trials of cisplatin as a single agent have been completed [136, 143-144]. Dosages
used have ranged from 50 mg/m? on days 1 and 8 to 120mg/m? every 3 weeks.
Among the 61 patients treated, 11 have had a partial regression. Nausea and
vomiting, renal damage, involving the proximal tubule, were the major toxicities.
Myelosupression was usually mild.

Finally, VP-16-123 (etoposide) an epipodophyllotoxin derivative, had shown
some activity against esophageal cancer in preliminary phase I (dose finding)
trials. However, a recently completed study from Memorial Hospital has failed to
confirm this, with no responses being seen among the 20 evaluable patients [145],
Again, many of these patients had received prior chemotherapy.

In summary, of the ten drugs having undergone at least minimally adequate
testing, eight have had modest to moderate activity (15-20%). The median
duration of these remissions are usually quite brief.

4.3.2. Combination chemotherapy
During the last 5-6 years, a number of trials involving multi-agent combinations
have been performed. The rationale for such trials lies primarily in the effective-
ness of combination chemotherapy in the treatment of other malignancies, such
as the leukemias and lymphomas, and breast, ovarian, and testicular cancers.
Multi-agent combinations in esophageal cancer had been hampered by the
paucity of single agent data, discussed above. The results of these studies are
summarized in Table 6. This data includes only those studies in which chemothe-
rapy was used alone; trials of concurrent chemotherapy and radiation, in which
the activity of the chemotherapeutic agents themselves cannot be ascertained are
discussed below.

Cisplatin and a bleomycin infusion were initially used at Memorial Hospital in
1976 because the combination appeared to be highly active in advanced epider-
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moid carcinoma of the head and neck. They were initially given to patients with
advanced disease and then, after responses had been seen in this group of
patients, cisplatin and bleomycin were given pre-operatively or before radiation
therapy. Evaluation of response in patients with metastatic disease involved the
standard criteria of complete remission (100% disappearance of all known disease
for a minimum of one month), partial response (=50% but <100% decrease in
the sum of the two longest perpendicular diameters of all measurable disease) and
minor response (>25% but <50% decrease). Measurable disease in this popula-
tion included lymph node, subcutaneous, or pulmonary metastases, or tumors
that were measurable by computerized tomography. For those patients in whom
the primary lesion was one of or was the only measure of response, the criteria of
response involving serial barium esophograms, endoscopy, and pathological
review of the resected specimen, were as outlined above.

Overall, 61 patients were evaluable for response [145]. Major objective regres-
sions were seen in 15%. For patients with metastatic disease, the median duration
of response was 6 months. Duration of remission for patients receiving combined
modality therapy including chemotherapy, surgery and/or radiation cannot be
ascribed to cisplatin-bleomycin alone, and are discussed in detail in the section on
combined modality therapy. The major toxicities of cisplatin-bleomycin included
nausea and vomiting, which was almost universal, nephrotoxicity (peak serum
creatinine =2.5 mg%) seen in 20% of patients, and pulmonary fibrosis, which
was seen in 2%. There were two drug related deaths (4% ). Myelosupression was
minimal.

Because vindesine had shown activity in its phase I trial, including responses in
patients who had previously been treated with cisplatin-bleomycin, and because
of its different toxicities and mechanisms of action, it was added to cisplatin-
bleomycin (Figure 1). In this trial, which was completed in 1981, 68 evaluable
patients were treated [148]. Twenty-four had extensive disease, and 44 localized
tumor. The overall major objective response rate was 53% . In patients with local-
regional disease, treated before surgery or radiation, the response rate was higher

Table 6. Esophageal cancer combination chemotherapy

Drug combination Patients studied Response (%) Median duration
(CR/PR) (months)

DDP BLEO 61 15 6.0

DDP/DVA/BLEO 62 50 7.5

BLEO/ADRIA 16 19 4.0

DDP/MTX/BLEO 22 27 35

DDP/Mito/BLEO 17 54 -

DDP = Cisplatin, DVA = Vindesine, BLEO = Bleomycin, ADRIA = Adriamycin, MTX =
Methotrexate, Mito = Mitomycin.
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Figure 1. Combined modaluty therapy of local-regional esophageal cancer using cisplatin, bleomycin
and vindesine. (Reprinted with permission from the Annals of Thoracic Surgery.)

than that seen in the group with extensive disease (63% vs 33%). The generally
poorer performance status of the patients with metastases may be the explanation
for the lower response rate seen in this group. In general, both for esophageal
cancer and other solid tumors, patients with a poor performance status (a
measure of their general medical condition) are less likely to respond to chemo-
therapy and are more likely to have substantial toxicity.

Although there were no complete remissions, by our criteria, among the 34
responding patients, eight had complete radiographic resolution of the primary
tumor. Endoscopic or pathological review, however, indicated residual mac-
roscopic or microscopic tumor in either the primary tumor or lymph nodes, and
they are thus considered as partial responders. Two patients who had broncho-
scopically-proven invasion of the trachea, without an overt fistula, had complete
healing, including negative cytology, on rebronchoscopy.

The median duration of response for patients with extensive disease, treated
primarily with chemotherapy alone, was 7 months. The toxicities of the cisplatin-
bleomycin-vindesine regimen, although substantial, were usually well tolerated.
Nausea and vomiting following administration of cisplatin was ameliorated by use
of the new antiemetic metochlopramide. Nephrotoxicity was again seen in 20%
of patients. Alopecia was common, as was a peripheral neuropathy from Vin-
desine and/or Cisplatin. Although only one patient developed a clinically appar-
ent pulmonary fibrosis, asymptomatic changes in the vital capacity were noted in
8%. The dose limiting toxicity, however, was myelosupression. The median
white blood cell nadir was 1700/mm?; eight patients had an episode of fever during
the nadir period. There were two drug related deaths (3%), one from sepsis and
one from nephrotoxicity.

In addition to these two trials from Memorial Hospital, several other multi-
agent combinations have recently been reported. Kolaric and his collegues com-
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bined bleomycin and adriamycin after their initial studies had indicated adria-
mycin’s activity [149]. These trials, in which a concurrent randomized arm
received the same agents plus radiation therapy to the primary lesion, involved
patients with local-regional disease. The results of the bleomycin-adriamycin
combination were disappointing: although their initial trial with adriamycin had
demonstrated 33% activity, in the follow-up study with the two agents, only 19%
of patients responded. Results of their studies with chemotherapy and radiation
are discussed below.

Ladd and collegues treated a group of 17 patients with cisplatin, bleomycin and
mitomycin C or mitomycin, bleomycin and vincristine [150]. The response rate of
54% was encouraging, but, at the dosage and scheduling use, toxicity was
prohibitive, with 22% having drug related deaths.

Vogel and collegues treated a small group of 11 patients with a combination of
cisplatin, methotrexate and bleomycin [151]. Five patients had major responses;
the median duration of response was 6 months. Using a similar combination,
Fiorentino treated an additional 11 patients; two had partial remissions [152].
Overall, cisplatin methotrexate and bleomycin in this dosage schedule had 27%
activity.

Thus, multi-agent chemotherapeutic programs are now undergoing more
widespread trial. Most combinations involve the use of cisplatin in a variety of
dosages. The highest response rate seen to date (in a fairly large group of 68
patients), was obtained using cisplatin, vindesine and bleomycin. This response
rate is 2-2.5 times greater than that seen with either cisplatin, bleomycin or
vindesine when used alone or with the cisplatin-bleomycin combination. Thus, it
now appears that epidermoid carcinoma of the esophagus should no longer be
considered to be totally resistant to chemotherapy. However, even with newer
combinations, many patients do not respond to initial therapy, and remission
durations are relatively brief. New drug investigations should continue to have a
high priority.

4.4. Combined modality therapy

4.4.1. Surgery and radiation therapy

The dismal outcome for patients with local-regional tumor treated with either
surgery or radiation therapy alone has led a number of investigators to combine
these two modalities. Preoperative radiation has been widely used in an attempt
to increase the resection rate by causing local tumor regression and thereby
improving survival. Results of these studies are summarized in Table 7 [152-158].
Although almost all of these studies are nonrandomized, several of them involve
large numbers of patients. Selection criteria appears to have varied substantially,
as some series, such as Akakura’s have resection and operability rates of almost
100% , whereas in others, such as Parker’s, only one-third to one-half of patients
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entering the study had surgery. Operative mortality ranged from 6.2% to 31%
except for the two Japanese series five year survival rates were disappointing,
being well under 10%. Guernsey’s trial, in which the radiation therapy dosage
averaged 6,000 rads, indicated that toxicity could be severe: 4 deaths (10% ) could
be attributed to complications of radiation.

Recently, Lannois and his colleagues reported their results of a controlled,
randomized trial of pre-operative radiation versus surgery alone [159]. The
dosage of radiation was 4000 rads delivered over 8-22 days. Surgery involved an
esophagectomy and esophagogastrostomy. There was no significant different in
either resection rate or long term survival between the two arms of the study: 76%
of patients receiving pre-operative radiation had resectable disease, compared
with 70% of the surgery only group. At five years, 9.5% of preoperative radiation
patients were alive, whereas for surgery only, 11.5% were five-year survivors.
The average survival was 4.5 months after pre-op RT, and 8.2 months after
surgery. Pre-operative radiation did not, however, increase operative mortality.
This randomized study suggests that pre-operative radiation is of no value in
improving long-term survival; the earlier, uncontrolled American trials support
this finding. In addition, since resection rates were not improved either, pre-
operative radiation did not appear to allow improved palliation.

4.4.2. Chemotherapy, surgery, and radiation therapy

Combined modality programs involving chemotherapy, surgery and radiation
have undergone less intensive study than have radiation and surgery probably
because, until quite recently, there have been no chemotherapeutic programs of
proven effectiveness in esophageal cancer. Initial trials with single agent chemo-
therapy plus surgery involved only small groups of patients. More recently, as
described above, combination chemotherapy has undergone its initial evaluation.
Pre-operative chemotherapy with cisplatin and a bleomycin infusion was begun,

Table 7. Pre-operative radiation in esophageal carcinoma

Author Pre-op No. % To % % Rx AVG. % Total
dose pts surgery resct. mort.  survival treated
(Rad) alive 5 yrs

1) Akakura 5-6,000 117 100% 82% 20.5% unstated  25%*

2) Parker 4,500 138 34 87 31.0 unclear 2

3) Guernsey 5-6,600 40 58 87 31.0 unclear 2.5

4) Marks 4,500 332 41 73 18.0 unclear 6

5) Nakayama 2,000 191 unstated 73 6.2 unclear 30+

6) Kelsen 2,000 19 87 54 12.0 9 mos. 5

4,500 57 87 54 12.0 9 mos. 5
7) Lannois 4,000 67 93 76 2.3 4.5 mos. 9.5

control 57 85 70 2.1 8.2 mos. 11.5
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at Memorial Hospital, in 1976. The rationale for pre-operative chemotherapy
resided in treating both the primary tumor and potential systemic metastases.
After activity had been noted in patients with advanced, metastatic disease, a
trial of pre-operative cisplatin and bleomycin was begun. In this study completed
in 1979, 34 patients with local-regional disease received a single course of chemo-
therapy before surgery [158]. Response to chemotherapy was evaluated by bar-
ium esophagram, performed on day 18; surgery (involving an esophagectomy and
esophagogastrostomy) was performed on day 21. Following Surgery, a second
course of chemotherapy and radiation therapy (3200 rads delivered over a 4 week
period) was given. All patients underwent exploration; 76% had resectable
disease. The response to chemotherapy had been similar to that seen in patients
with metastatic disease (17% complete and partial regressions). Operative mor-
tality was 11%. Compared to our experience with pre-operative radiation
therapy, cisplatin and bleomycin yielded a higher resection rate with no increase
in operative mortality (76% vs 54% resection rate, 11% vs 12% operative mor-
tality). Since resected patients in general have improved palliation in that their
dysphagia is usually permanently relieved, pre-operative cisplatin-bleomycin
appeared to be at least as good as, if not superior to, pre-operative radiation in
this study. However, long-term survival was not increased. The median duration
of survival following cisplatin-bleomycin was 9 months with 10% of patients living
for >3 years. It was concluded that this lack of improvement in survival was a
result of the only modest anti-neoplastic activity of the two drug combination.
Following the identification of Vindesine as another active agent, which ap-
peared, in at least some patients with advanced disease, to lack cross resistance
with cisplatin-bleomycin, it was added to the initial combination. During the
period 1979-1981, a second group of 34 patients with local-regional tumor was
treated with the three-drug combination of cisplatin, vindesine and bleomycin
(DVB) [148]. Only two courses of chemotherapy were given, as our earlier
experience with cisplatin-bleomycin had indicated that this elderly population
would not tolerate maintenance chemotherapy. Initially, one cycle of DVB was
given before and one after surgery. When it became apparent that, in patients
with advanced disease, the maximum degree of tumor regression was seen after
two courses of DVB, both cycles were given before surgery (Figure 1). Although
radiation therapy was originally planned for all patients, this part of the treatment
program was changed later so that only patients with T3 tumors (penetration
through the esophageal wall), with positive paraesophageal lymph nodes, or with
unresectable disease were given post-operative radiation. All patients underwent
exploration; 82% had resectable tumor. The operative mortality was 5.6%.
The response rate to chemotherapy alone was substantially higher with the
three drug combination, with 57% of patients having major objective tumor
regression. Downstaging of the primary lesion (i.e. drop from T2-T1, to T1 or T0)
was seen in 30%; three patients had no tumor found in the resected esophagus.
However, by our criteria, none had a complete response, as a single focus of
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microscopic disease was found in lymph nodes in two patients, and, in the third,
the tumor had been adjacent to the aorta and so margins could not be guaranteed.
The median followup for this study is now 28 months, with a minimum follow-up
17 months. The median survival for the entire group is 16.2 months, with 30% still
alive and free of disease. Compared to the historical control group receiving
cisplatin-bleomycin alone, there was a significant improvement in long-term
survival (p =0.023). A prospective, randomized trial is currently underway to
compare the more effective DVB chemotherapy with a ‘standard’ regimen of pre-
operative radiation; this study has only recently started.

In addition to studies at Memorial Hospital, investigators at Wayne State
University have used pre-operative chemotheraphy with concurrent radiation
therapy [160]. Since both modalities were used simultaneously, the effectiveness
of the chemotherapy combination used is not known. The initial program in-
volved the use of mitomycin C and infusion of 5-Flurouracil; the dosage of
radiation therapy was 5000-6000 rads. Of 30 patients with potentially curable
local-regional tumor who were entered into this study, 23 (76% ) came to surgery;
all underwent curative or palliative resections. Operative mortality was 13%.
More recently, cis-platin has replaced mitomycin-C. [161]. Only 12 patients have
been treated to date; all underwent exploration and resection. Mean follow-up
for the second study was 6 months. In another trial, 11 patients were treated with a
combination of cisplatin, mitomycin-C, bleomycin and prednisone [161]. The
objective response rate to chemotherapy was 55%. However, the operative
mortality was prohibitively high (45%).

4.4.3. Combined chemotherapy and radiation

Although the data on objective response rates to radiation therapy alone is
scanty, it is clear that this conventional modality can cause tumor shrinkage of a
greater or lesser extent in 33-50% of patients. Since chemotherapeutic agents
have now demonstrated at least some activity, chemotherapy and radiation have
been used either concurrently or sequentially. In some cases, the drug combina-
tions used have been chosen on the basis of the responsiveness of other squamous
cell carcinomas (such as head and neck or anal epidermoid tumors).

Werner, in South Africa, used methotrexate and radiation therapy before
surgery in a group of 93 patients [163]. The dosage of methotrexate was 100mg/
m%week for 3 doses; radiation therapy, 2000 rads over 5 days, was given immedi-
ately following chemotherapy. Tumor regression was not quantitated. Surgery
had initially been planned for all patients, but only 59% underwent operation,
most frequently because of patient refusal. The average survival for those under-
going surgery was 26 months, and did not appear to be substantially increased,
compared to those not undergoing exploration.

Kolaric evaluated the use of bleomycin plus radiation, adriamycin plus radia-
tion and finally a bleomycin-adriamycin combination plus radiation, in three
sequental studies. A control arm received chemotherapy alone. The number of
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patients in each study were quite small (15-20 patients per arm). In each trial, the
objective response rate to the radiation-chemotherapy combination was higher
than that to chemotherapy alone. Toxicity was however significant, with a
particularly high incidence of tracheo-esophageal fistula in the bleomycin-adria-
mycin study [149]. The median durations of response for those receiving radiation
and chemotherapy ranged from 5 to 9 months.

The ECOG recently compared radiation therapy alone to radiation plus bleo-
mycin in a randomized trial. The radiation dosage was 5000-6000 rads given over
5 to 6 weeks; bleomycin was given daily at 15 units/dose to a total dose of 210 mg.
There was no improvement in survival or swallowing function when bleomycin
was added to radiation. Objective regressions were not quantitated.

Marcial et al. used the combination of methotrexate, bleomycin, 5-FU and
vindesine before radiation therapy in a group of 26 patients [164]. These patients
appeared to have disease limited to the local-regional area. Following one to two
cycles of chemotherapy, patients were assessed for response. 55% had some
measure of tumor shrinkage, but whether or not these were major objective
regressions is unclear. Following completion of radiation, 66% had ‘complete
remissions’. The median survival for the whole group was 11 months.

5. Adenocarcinoma of the esophagus

Far more uncommon that epidermoid cancers, this cell type makes up only 5-15%
of esophageal carcinomas. Many of theses tumors are actually extensions of
adenocarcinomas of the gastroesophageal junction. Surgically, they are treated
exactly as are epidermoid cancers. Their response to radiation therapy has not
been well established, nor has chemotherapy been well explored. The overall
survival appears to be similar to that of epidermoid carcinoma [165-167].

6. Conclusion

In summary, although improvements in surgical technique have increased resect-
ability rates and decreased operative mortality, and radiation therapy toxicities
appear to have decreased, the overall prognosis for patients with esophageal
cancer is still poor. Advances in systemic chemotherapy, and the introduction of
multidisciplinary approaches may represent hope for the future; these trials,
however, should still be considered to be investigational. Early diagnosis, allow-
ing improved salvage rates, are probably applicable only to high-risk areas and
populations.
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7. Large bowel cancer: restorative rectal surgery

DAVID A. ROTHENBERGER, SANTHAT NIVATVONGS, VENDIE H.
HOOKS III, ERIC S. ROLFSMEYER and STANLEY M. GOLDBERG

1. Introduction

The term restorative rectal surgery is applied to operations for carcinoma of the
rectum with first eliminate the cancer and secondly restore or preserve anorectal
function where the alternative is total excision of the rectum with permanent
colostomy. Lesions located sufficiently proximal that there is no question of the
need for total rectal excision are excluded from consideration here. This chapter
will discuss the theoretical basis for restorative surgery of cancer of the rectum,
delineate the options available, review the results of the various operative tech-
niques and outline the authors’ approach to carcinoma of the rectum.

2. Historical perspective

A brief review of the evolution of operations for carcinoma of the rectum is
instructive (Fig. 1). Kraske [1] described a technique of sacral excision of the
rectum in 1885. By removal of the coccyx and lower sacrum, access to the rectum
above the levators was obtained. Either the entire rectum and anal canal was
excised or a sleeve of rectum containing the cancer was excised with establish-
ment of end-to-end continuity. Sacral excision became the most popular method
of operation for cancer of the rectum in Germany and Austria. In a 1929 report
from Vienna, 984 patients underwent sacral excision with an immediate mortality
of 11.6% and a five-year survival rate of 30% [2].

Meanwhile, the technique of an extended perineal excision as popularized by
Lockhart-Mummery [3] became the most common operation for rectal cancer in
the early 1900’s in England. First, an exploratory laparotomy was performed to
assess the operability of the growth, to determine the presence of distant spread,
and to construct a sigmoid colostomy. The distal bowel was cleansed daily until
the perineal phase was performed about two weeks later. An average of 23 cm of
rectum and distal sigmoid was resected. At St. Mark’s Hospital, 370 cases were
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treated by perineal excision in the early 1900’s with an 11.6% immediate mortality
and a 40% five-year survival [4].

Ernest Miles’ [5] investigations of rectal cancer lead to the conclusion that
lymphatic spread developed in three directions: 1) upwards along the superior
rectal and inferior mesenteric vessels to the paraaortic chain; 2) laterally in the
tissue between the levators and pelvic peritoneum to end in the internal iliac
nodes on the pelvic side wall; and 3) downwards through the sphincter muscles,
the perineal skin, ischiorectal fat and eventually to the inguinal nodes. He
believed that even with a carcinoma at the rectosigmoid junction, all three zones
of spread were often involved. Thus, in 1908, he described his technique of an
abdominoperineal excision, the first widely accepted procedure to primarily
approach rectal carcinoma via the abdomen [6]. He excised the rectum and anal
canal, the sphincters and considerable parts of levator ani muscles, the ischiorec-
tal fat, the pelvic peritoneum, the sigmoid colon, its mesocolon and vessels. He
reported the use of this procedure in 61 patients with an operative mortality of
36% [7]. Dukes [8] reported a comparative study of the late results of extended
perineal and combined abdominoperineal excision performed at St. Mark’s
Hospital (Table 1).

There was no significant difference in survival for the two operations in cases
without lymphatic metastases (Dukes A and B) but a clear cut difference when
lymphatic spread had occurred (Dukes C). It was clear that the main inadequacy
of the perineal or sacral routes was in dealing with the important superior zone of
lymphatic spread. As abdominal surgery became safer, the Miles’ abdomino-
perineal excision which provided for proximal lymphovascular pedicle ligation
became the accepted operation for carcinoma of the rectum in England and
America. It remains the ‘gold standard’ by which the results of all other opera-
tions for rectal cancer must be compared.

The pioneering efforts of Kraske, Lockhart-Mummery, Miles and others early
in this century laid the groundwork for the modern operative management of
carcinoma of the rectum. Over ensuing decades, many surgeons, anatomists and
physiologists contributed to a better understanding of the routes of spread of
rectal cancer and of the mechanisms of anal continence. This new information
stimulated the development and acceptance of the currently available restorative

Table 1. Five year survival rate after excision of the rectum (operation deaths excluded)

Dukes stage Perineal Excision % Combined Exicions %
A 82.2 83.9
B 61.7 62.3
C 17.9 31.0
Total 44.9 47.1

St. Mark’s Hospital Statistics: Dukes [44].
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Figure 1. Over the past century, the operative approach to carcinoma of the rectum has changed
dramatically such that preservation of anal sphincter function is now often possible.

procedures as alternatives to abdominoperineal excision (Fig. 1). The next two
sections will briefly review this information which is a prerequisite to a discussion
of the proper operative approach to rectal carcinoma.

3. Spread of rectal carcinoma

Rectal adenocarcinoma begins as an in situ epithelial mucosal lesion, usually,
though perhaps not always, arising within an adenoma [9]. At this stage it is
entirely localized without ability to metastasize and thus is totally curable by local
measures. The term ‘invasive’ is used when the cancer has penetrated the mus-
cularis mucosa since as it reaches the submucosa, it has access to lymphatics and
veins and thus the capacity for distant metastasis.

3.1. Direct spread

A rectal carcinoma spreads directly in three dimensions within the bowel wall: 1)
circumferentially around the lumen of the bowel; 2) longitudinally both prox-
imally and distally; and, 3) transversely through the bowel wall. The extent of
circumferential spread has correlated with survival [10, 11]. Quer et al. [12] based
on a study of 91 operative specimens stretched to conform to the operative
measurements of length, reported that retrograde intramural spread beyond the
lowest palpable or visible edge of the carcinoma was distinctly unusual for low
grade malignancies. There was no spread in 86 specimens, spread less than 1.5 cm
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in two, and spread beyond 1.5 cm in only three specimens. Two of the latter three
patients had obvious metastases at the time of operation. Grinnell [13], in a study
of 76 operative specimens found that direct upwards or downwards spread
beyond the visible borders of the lesion was unusual unless the tumor was a poorly
differentiated carcinoma. There was no spread in 67, spread less than 1.0 cm in six
and spread more than 1.0cm in three patients, two of whom had a poorly
differentiated carcinoma.

As the tumor grows and penetrates transversely through the bowel wall, it
gains access to the lymphatics and veins in the submucosa and thus the capacity
for distant metastasis [9]. Deeper invasion into the muscularis propria results in a
greater incidence of lymphatic and venous dissemination [14]. As the tumor
enlarges and penetrates transversely through the serosa, direct extension into the
adjacent fat, mesentery and contiguous viscera such as prostate, vagina or
bladder occurs. In addition, greater access to lymphatic and venous channels
occurs as the tumor penetrates the full thickness of the bowel wall. Thus, it is not
surprising that survival correlates with the depth of penetration of the cancer [9].

3.2. Lymphatic spread

Miles’ concepts of the three directional lymphatic spread of rectal cancer were
accepted for several decades. In the 1930’s, several studies failed to confirm Miles’
findings in two important respects [15, 16, 17, 18]. First, they found that the
upward spread of cancer cells in lymphatics was usually embolic with an orderly
progression from the regional pararectal nodes to the superior rectal nodes to the
inferior mesenteric nodes and finally to the paraaortic nodes. Crossover with
lymphatic drainage from other viscera was possible [18]. Second, lateral or
downward spread was unusual unless the superior zone lymphatics were plugged
with tumor. More recent studies confirm these conclusions.

3.3. Venous spread

The growing lesion first gains access to intramural veins as it penetrates the
muscularis mucosa and invades the submucosa. Even then, the presence of
intravenous tumor plugs attached to the intimal lining occurs rarely, being
demonstrated in only 3% of patients with less than complete penetration of the
bowel wall [19]. Once the tumor has penetrated through the entire bowel wall,
such venous invasion is more common and is found in up to 50% of the specimens
[20]. Venous spread occurs even more commonly in those with lymphatic meta-
stases. The demonstration of such venous invasion with attached tumor plugs
correlates negatively with survival. On the other hand, the presence of free tumor
cells in the venous effluent of colorectal cancers which is well documented, does



161

not correlate with survival. Venous spread can ultimately result in hepatic,
pulmonary, adrenal, renal, bone, brain, and other metastases.

3.4. Other routes of spread

Some studies suggest that perineural extension can occur as far as 10 cm from the
primary and may account for some degree of local recurrence independent of
other factors [21, 22]. Implantation of tumor into the peritoneal cavity or at the
anastomosis may also account for some recurrences, though this is rare.

4. Anatomy and physiology of continence

Hertz [23] in 1911, suggested that the sensation of fullness and the feeling of
impending evacuation was due to rectal distention which was detected by recep-
tors in the rectal wall. Goligher and Hughes [24] in 1951, stressed the importance
of preserving at least 6-8 cm of anorectal stump during sphincter-saving excision
if ‘sensory incontinence’ was to be avoided. These concepts have slowly changed
in recent decades with new knowledge providing the anatomic and physiologic
basis for modern restorative rectal operations.

The major resections described below allow one to resect the rectum above the
levator ani while leaving undisturbed the anorectum below. The reservoir func-
tion of the curved compliant rectum is lost since it is replaced by a straight colon
but the anal sphincter reflexes are maintained, suggesting that the receptors for
the reflexes lie outside the rectum, most likely in the pelvic floor [25]. Urgency, a
frequent complaint in these patients, is probably due to the loss of reservoir
function to accommodate the entry of stool. Another frequent finding in these
patients is impairment of sensation which is probably caused by damage of the
nerve supply to the anorectum during dissection or from postoperative infection.
These defects are usually temporary and improve with time, usually within six
months [26]. It is now clear that normal or near normal continence can be
obtained if the pelvic muscles and the sphincter muscles are preserved. The
rectum itself is not essential for the appreciation of impending evacuation or for
the sphincter inhibitory reflexes.

5. Major restorative resections

The awareness that the primary route of spread of rectal cancers is upwards, that
it is not essential to preserve a long rectal cuff to achieve continence and that
abdominal surgery could be safely performed kindled an interest in operations
which: 1) allowed proximal lymphovascular pedicle ligation and clearance of the
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primary and its potential routes of spread; and 2) restored continuity. Operations
were developed in the middle decades of this century to accomplish these two
goals. The abdominal phase of these operations was similar but differences in
means of achieving restoration of bowel continuity distinquish the techniques.

5.1. Operations available

In the 1930’s and 1940’s, Dixon and associates at the Mayo Clinic and Wangen-
steen of the University of Minnesota, promoted an anterior approach to rectal
cancers through the abdominal cavity with a sutured anastomosis [27, 28]. This so
called anterior resection was initially reserved for cancers of the rectosigmoid and
intraperitoneal rectum. It was found that anterior resection for such lesions
resulted in long-term cure equal to that provided by abdominoperineal excision
[29, 30, 31]. This fact, coupled with surgeons’ increased ability to reliably suture
lower colorectal anastomosis, lead to the use of anterior resection for some
cancers of the extraperitoneal rectum. Still, this technique was a demanding one
and in obese patients with a narrow pelvis, hand-sutured low anostomoses were
sometimes impossible to construct. The technical limitations of anterior resec-
tions promoted development of operations which enabled a lower colorectal or
coloanal anastomosis to be performed. Thus, pull-through operations, abdomi-
nosacral resection, abdominotranssphincteric resection, and an endo-anal ap-
proach with coloanal anastomosis were promoted by a variety of surgeons as
alternative to abdominoperineal resection. The introduction of the end-to-end
anastomosis (EEA) stapling device in 1978, provided the means to perform
lower, more reliable anterior anastomoses than had been possible previously with
hand-sewn end-to-end anastomoses [32]. Anterior resection has now been ex-
tended to mid and even some lower third rectal cancers.

It is useful to arbitrarily subdivide anterior resection into three categories: 1)
high anterior resection; 2) low anterior resection; and 3) extended low anterior
resection (Table 2). Technical demands are greater, complications are more
frequent, and functional results are less acceptable with each of these subdivi-
sions as shorter anorectal stumps are preserved. For most surgeons, anterior
resection is the primary alternative to abdominoperineal resection. Abdomi-
nosacral resection, abdominotranssphincteric resection, pull-through opera-
tions, or abdominotransanal resection with coloanal anastomosis are options
applied by a relatively small number of surgeons whose familiarity with the
techniques allows them to achieve satisfactory results.

5.2. Abdominal phase

The abdominal dissection attempts first to clear the tumor and its potential routes
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of spread and second to mobilize sufficient colon proximally to ensure a well
vascularized anastomosis without tension. A mechanical and oral intraluminal
antibiotic bowel prep with pre-operative systemic intravenous antibiotics for
wound prophylaxis are administered routinely. For anterior resection, pull-
through operations or endoanal anastomosis, the patient is placed in a modified
lithotomy position. This position provides exposure for both the abdominal and
perineal operators. For an abdominosacral resection, the patient is placed in the
right lateral position whereas in the transsphincteric procedure, the patient
undergoes the abdominal phase in the supine position and then is turned to the
prone jackknife position for the anastomosis.

5.2.1. Controversies in extent of resection

The abdominal phase of an abdominoperineal resection or of any of the major
restorative resections can be identical in terms of extent of proximal and lateral
dissection (Fig. 2). The only mandatory differences is in the extent of resection of
the rectum and extrarectal tissues distal to the tumor. The exact conduct of the
abdominal dissection will vary depending on the surgeon’s training and inter-
pretation of several controversial aspects of rectal cancer surgery. A full discus-
sion of these issues is beyond the scope of this chapter. Suffice it to say, that
controversy persists regarding: 1) the optimal level of proximal lymphovascular
pedicle ligation and extent of proximal nodal dissection; 2) the optimal extent of
lateral and circumferential clearance at the level of the cancer; 3) the value of
concomitant visceral resections; and 4) the optimal distal margin beyond the

Table 2. Anterior resection of rectosigmoid carcinoma*

I.  High anterior Resection
A. Partial Mobilization of Rectum
B. Anastomosis to Rectum Partly Devoid of Peritoneum
II. Low anterior resection
A. Complete Mobilization of Rectum
1. Pelvic Peritoneum Opened Completely
2. Mobilized Posteriorly to Coccyx
3. Lateral Ligaments Divided Completely
4. Mobilized Anteriorly to Pubis
B. Anastomosis to Rectum Devoid of Peritoneum
III. Extended low anterior resection
A. Low Anterior Resection Plus
B. Additional Anterior Mobilization to Levators
1.  Division of Denonvillier’s Fascia
2. Mobilization of Rectovaginal Septum or Rectum from Seminal Vesicles-Bladder
Base and Prostate.

* Authors’ suggested, though admittedly arbitrary, classification of anterior resection. Technical
demands are greater, complications are more frequent, and functional results are less acceptable as
shorter anorectal stumps are preserved.
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CONTROVERSIES IN EXTENT OF RESECTION OF
CARCINOMA OF THE RECTUM
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Figure 2. The four major areas of controversy regarding the ideal extent of resection for carcinoma of
the rectum are depicted. Lackhart-Mummery’s extended perineal excision ligated the superior rectal
vessels 5 to 7.5 cm below the sacral promontory. (1d) Miles’ abdominoperineal resection improved
survival of patients with Dukes C lesions by extending the proximal dissection to the level of the
inferior mesenteric artery just distal to the left colic artery. (1c) More proximal ligation at the level of
the origin of the inferior mesenteric artery (1b) or more proximal dissection along the aorta and vena
cava (1a) are techniques of unproven value. Whether the lateral dissection should include hypogastric
lymphadenectomy is debated (2). The efficacy of concomitant visceral resection of grossly uninvolved
viscera remains open to question (3). The ideal distal margin remains controversial (4).

primary. No prospective comparative trials exist and most of the literature
consists of retrospective reviews without sufficient data to totally resolve these
controversies.

The controversy regarding the optimal distal margin of resection is especially
critical to a discussion of restorative rectal operations. Unfortunately, no stan-
dard definition of ‘distal margin’ exists. Some authors measure distal margin in
situ prior to mobilization of the rectum while others use a stretched, fresh
specimen and still others use a fixed, nonpinned specimen. Some use only gross
measurements while others use microscopic measurements [33]. The lack of
uniformity in the use of this term makes it very difficult to compare one report
with another. The data regarding extent of distal intramural and extramural
lymphatic spread in operative specimens has been presented. (See Section 3.1.
and 3.2.). One of the best recent studies regarding distal margins is that of Tonak
et al. [33]. They reported that in 98 patients with carcinoma of the middle rectum
who underwent anterior resection with a distal margin of less than 3.0cm as
determined by the pathologist in a fresh specimen without tension, the incidence
of local recurrence was 33% (32/98). If the distal margin was more than 3.0cm,
the incidence of local recurrence was 13% (8/64).
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5.2.2. Abdominal dissection — authors’ technique

Exposure is gained via an infraumbilical transverse incision, a midline incision or
other appropriate incision. Thorough exploration of the abdominal cavity is then
performed to: 1) exclude significant concomitant disease states; 2) stage the
involvement of abdominal viscera; and 3) confirm proper positioning and func-
tioning of the nasogastric tube and urinary Foley catheter. For rectal carcinomas,
it is usually impossible to assess local resectability until some of the dissection has
been performed. Certainly, no determination as to feasibility of restorative
anastomosis can be made for a mid or low rectal cancer until full mobilization of
the rectum is completed. Intent and extent of resection is then determined based
on size of the primary, the fixation of the mass, and the involvement of adjacent
structures.

The sigmoid colon is mobilized by incising the lateral peritoneal reflection
(white line of Toldt). This incision is carried cephalad to the distal descending
colon and caudad parallel to the rectum. The left spermatic or left ovarian vein
can be easily identified. At the level of the iliac crest, the ureter is usually just
medial to this vein. The vein, ureter and retroperitoneal areolar tissue are pushed
aside with a stick sponge so that a fan-shaped flap of sigmoid mesentery is
created. The peritoneum on the medial side of the sigmoid is incised and the
incision carried down to the pelvis. The inferior mesenteric artery is identified
and it is clamped, divided, and doubly ligated just distal to the take-off of the left
colic artery. The inferior mesenteric vein is ligated at the corresponding level. By
drawing the rectum taut, a plane of areolar tissue behind the rectum, at the level
just above the promotory of the sacrum, is identified and easily entered with blunt
and sharp dissection to the S; and S, level, where the rectosacral fascia is
encountered. This fascia, which varies from a thin fibrous band to a thick
ligament is cut with a long, heavy scissors and mobilization to the level of the
coccyx is achieved.

Anterior mobilization of the rectum is achieved by incising the peritoneum at
the retrovesical reflection. Next, by pulling the rectum taut with one hand,
placing the four fingers of the other hand behind the rectum and sweeping
laterally while the thumb is placed anteriorly in the midline and swept laterally,
the lateral ligaments containing the accessory middle rectal vessels are exposed,
clamped, divided and ligated. Care is taken to identify and avoid the ureters
during this manuever. Mobilization is continued distally in the plane between the
seminal vesicles in men or vagina in women and Denonvillier’s fascia to the level
of the pubis symphysis. The pelvis is irrigated and absolute hemostasis achieved.
Only at this point in the operation when the rectum is fully mobilized can a
decision be made as to the feasibility of restorative anastomosis and the type of
anastomosis that will be performed.
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5.3. Anastomotic techniques

The major restorative resections are distinquished by the method of reconstitut-
ing bowel integrity.

5.3.1. Abdominosacral resection [34]

This technique is a logical extension of Kraske’s sacral resection and has been
used since the 1930’s. The sacral phase involves excision of the coccyx and division
of Waldeyer’s fascia to expose and retrieve the previously mobilized rectosig-
moid. Following resection, a direct anastomosis between the sigmoid colon and
distal rectum is performed.

5.3.2. Abdominotranssphincteric resection [58]

Instead of exposing the rectum through the bed of the sacrum and coccyx, the
external anal sphincter and levator ani muscles are divided via a posterior wound
to expose the lower rectum. After mobilization, a resection is performed at the
level of the internal sphincter. Following an anastomosis, the levator ani and
external sphincter are reconstructed.

5.3.3. Pull-through operations

A variety of pull-through operations have been developed, all of which restore
continuity by pulling the proximal bowel through the rectal stump with union of
the cut ends of bowel achieved by adhesions or by anastomosis outside the anus.
A critical and technically difficult step in these operations is to gain enough length
to bring well vascularized bowel well beyond the anus. The perineal phase of the
operation varies according to the technique utilized.

5.3.3.1. Bacon technique [35]. The mucosa lining the preserved anorectal stump
is stripped and the anal sphincter divided posteriorly. The proximal divided colon
is drawn through the bared anal canal to protrude 5.0 cm beyond. A rubber tube
is tied into the stump and not removed until the first bowel movement. The
sphincters are sutured around the emerging colon. After adhesive union forms
between the proximal colon and anal canal, the redundant colon is excised.

5.3.3.2. Black technique [36]. The rectal mucosa, sphincter muscles and levator
ani muscles are not disturbed in this technique. The proximal bowel is pulled
through the intact rectal stump to protrude beyond the anus. Union can thus take
place only between the cut upper edge of the anorectal stump and the serosal
surface of the colon. Later, protruding colon is excised.

5.3.3.3. Maunsell-Weir technique [37, 38]. The short, intact anorectal stump left
after resection of the cancer during the abdominal phase is everted by the perineal
operator. The divided proximal colon is drawn through the everted anorectal
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stump so that the cut edges of both stumps lie opposite one another outside the
anus where they can easily be anastomosed. Next, the anastomosis is placed back
in the pelvis.

5.3.3.4. Turnbull-Cutait technique [39, 40]. This technique, which combines
some features of Black’s operation with the Maunsell-Weir technique was divised
independently by Turnbull and Cutait in 1961. The rectosigmoid colon is pulled
through the rectal stump which is everted outside the anus. The extrusion of the
sigmoid colon beyond the everted stump is amputated 7-10 days later and sutures
are applied around the adhesive union. The anastomosis gradually recedes
through the anus into the pelvis.

5.3.4. Abdominotransanal resection with coloanal anastomosis

This operation developed by Parks [41] shares many concepts and technical
details with the pull-through operations. The abdominal phase, performed in a
modified lithotomy position, is similar to that of all the major resections. During
the perineal phase of the operation, the rectal mucosa and submucosa are excised
leaving the bared sphincter muscles intact (Fig. 3). The proximal colon is drawn
through the denuded rectal stump and an end-to-end hand-sutured coloanal
anastomosis performed. Parks routinely adds a temporary, proximal transverse
colostomy.

5.3.5. Anterior resection
If a high resection is performed for a tumor located sufficiently proximal so that
the proposed site of anastomosis is readily exposed, a handsutured one or two-
layer anastomosis can be reliably performed. Alternative techniques of a stapled
anastomosis either with the TA or GIA stapling devices have been described [42].
The intraluminal circular staplers were designed to facilitate anterior ana-
stomoses but we would caution that insertion of these devices into a non-
mobilized rectum may produce an inadvertant rectal tear which can be difficult to
recognize or repair. A recent modification of the EEA-stapler replaces the
straight shaft with a curved one and is useful in this setting. Some surgeons
suggest using the circular staplers via a proximal colotomy but this has the
disadvantage of producing an additional suture or staple line, albeit a small one.
Fow low or extended low anterior resections, the circular staplers (EEA-
stapler manufactured by US Surgical Corporation or the intra-luminal stapler-
ILS-manufactured by Ethicon Corporation) inserted via the anus have been
found to create a secure, two-layer inverted anastomosis deep in the pelvis at
levels where it is technically very difficult to hand-suture a secure anastomosis
[43]. The site of proposed resection is identified distal to the rectal tumor. The
rectal wall is exposed and mesorectum cleared for a 2.0 to 3.0cm length. An
assistant inserts a proctoscope to irrigate the rectum prior to transection and to
confirm the adequacy of the proposed distal margin. The abdominal surgeon
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Figure 3. Coloanal anastomosis technique: A) Injection of dilute epinephrine solution to elevate the
mucosa and submucosa from the internal sphincter; B) and C) Rectal mucosectomy with preservation
of the anus; D) Completion of the rectosigmoid resection; E) Advancement of the mobilized proximal
colon through the preserved muscular cuff; F) and G) Completion of the coloanal anastomosis.

places a right angle bowel clamp across the bowel wall just proximal to the
intended line of resection. Stay sutures or Babcock clamps are used to control the
rectal stump and provide exposure for placement of the pursestring in an open
fashion (Fig. 4). Alternatively, a transabdominal pursestring suture is placed in a
closed fashion (Fig. 4). For the short rectal stump or when anatomic considera-
tions such as obesity and a narrow, deep pelvis are present, this can be difficult.
For such cases, several maneuvers to aid in placement of the pursestring have
been developed (Fig. 4). Some have advocated stapling the rectal stump closed
with the TA instrument and then inserting a circular stapler without the anvil to
create an end-to-side colorectal anastomosis (Fig. 4). In our experience, it has
been awkward to place the TA stapler across a truly short rectal stump and the
other techniques have worked better. In addition, this technique crosses two
staple lines which could be a disadvantage.

Next, the site of proximal sigmoid or descending colon resection is readied for
anastomosis by clearing the mesentery for 2.0 to 3.0 cm. If there is any question
regarding tension at the proposed anastomosis in the pelvis, the descending colon
and splenic flexure are mobilized entirely. The bowel is then transected between
clamps and a 2-0 Prolene®, fullthickness pursestring suture is placed approx-
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Figure 4. Techniques for management of the rectal stump prepatory to anterior anastomosis. The
preferred approach is to place the pursestring by transabdominal approach with an open whipstitch (1a
and 1b) or a closed pursestring (2a and 2b). The perineal push method in which the assistant applies
pressure to the perineum thus bringing the rectal stump into view for the abdominal operator, can
facilitate pursestring placement (3). A Fansler anoscope can be used in a similar fashion to push the
rectal stump upward so the abdominal operator can place an open whipstitch (4). Alternatively, the
rectum can be everted and the perineal operator can then place a whipstitch before reinverting the
rectum (5). The pursestring can be placed on a short rectal stump via the transanal approach (6).
Another alternative is to close the rectal stump, insert the stapler without the anvil, and then construct
an end-to-side anastomosis (7).

imately 2 to 3mm from the cut edge with bites taken 4 to S mm apart.

Once the pursestring sutures are properly placed, the correct instrument is
selected and assembled. In general, for colorectal anastomosis, the EEA-31 or
the ILS-29 or 32 cartridges are used. Proper assembly is critical. The cartridge
should be checked to assure the presence of staples and the circular knife and the
anvil checked for the plastic and metal rings. The lubricated stapler is inserted
into the rectum in a closed position with the handle up and the safety on. The
abdominal operator protects the rectum by placing his hand posteriorly and
directs the perineal operator as he gently advances the instrument until the anvil
screw is protruding through the rectal lumen. The stapler is opened fully. Nor-
mally, the rectal pursestring is tied first, thus securing the rectum around the shaft
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Figure 5. A) Closing the gap of the EEA stapling instrument: the rectosigmoid has been resected,
proximal and distal pursestring sutures placed, and the two limbs of bowel tied around the central rod
of the stapler which has been inserted through the anus. As the perineal operator closes the gap by
turning the wing-nut, the abdominal operator keeps the gap free of extraneous tissues. B) Removal of
the EEA stapling instrument: The stapler has been closed completely, the safety catch released, and
the handle compressed to create an inverted, two-layer end-to-end anastomosis. The stapler is
removed by turning the wing-nut three complete revolutions to open the gap and by rotating the
stapler gently. Next, the stapler is gently rocked up and down to slip the anvil through the
anastomosis.

of the instrument. Next, the proximal stump is placed over the anvil and its
pursestring tied securely. For a low anastomosis, it is more convenient to pass the
entire cartridge up through the rectal stump, secure the proximal bowel on the
anvil and then withdraw the cartridge to the level of the rectal pursestring which is
tied last. The stapler is closed fully while the abdominal operator keeps the
viscera, mesentery, and other tissues out of the gap (Fig. 5). The stapler is fired
and then removed by turning the wing nut three revolutions, rotating the stapler
gently, and then gently rocking and withdrawing the instrument from the anus
(Fig. 5).

The perineal operator checks to be certain all staples have fired and determines
the completeness of the rings of tissue incorporated by the tied pursestrings and
resected as the stapler fires. Next, a proctoscope is inserted and the anastomosis is
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visualized to check for gaps, bleeding or other abnormalities. The anastomotic
level is noted. The procotoscope is withdrawn several centimeters and after the
abdominal operator has filled the pelvis with saline, air is insufflated to check for
an air leak. The abdominal operator meanwhile, has tried to visualize the
anastomosis and makes a final check regarding its vascularity and tension. If there
is tension, additional proximal mobilization is performed. If technical problems
with the anastomosis are found, they must be remedied.

The abdomen is irrigated and a final check made for hemostasis. Abdominal
closed suction drains placed deep in the pelvis are occasionally used for 24-72
hours postoperatively, but most often are not needed. The lateral gutter and
mesenteric defect are left open. The abdomen is closed in layers.

Postoperatively, the patient receives two additional doses of systemic intra-
venous antibiotics. The nasogastric tube is removed when bowel function returns.
The Foley catheter is removed 3 to 5 days postoperatively.

5.4. Results

Analysis of the outcome of the major restorative resections must include com-
parison of mortality rates, morbidity, functional results and assessment of recur-
rence and survival data. The results of restorative resections must be viewed in
the perspective of results obtained with abdominoperineal excision.

5.4.1. Mortality

As noted in Table 3, mortality for any of the major restorative resections is similar
to that reported after abdominoperineal excision. In general, mortality rates of
2-10% are typical of large series of cases, with an average of approximately 5%.
Mortality rates are usually significantly higher when palliative resections are
performed [44]. Mortality is also higher after restorative resection of low-lying
lesions since fatal complications arising from anastomotic leaks are more com-
mon [45, 46]. Surgical inexperience is likely to result in high mortality as well with
most surgeons noting a decrease in mortality as their experience grows [47, 48].
Our own mortality rate is 0.6% (2/309 patients) for anterior resection and 0.4%
(1/247 patients) for abdominoperineal resection.

5.4.2. Morbidity

The incidence of bladder dysfunction, impotency, inadvertant operative injury of
other viscera, and major cardiopulmonary complications is similar for all of the
major resections. As compared to abdominoperineal excision, the primary risk of
all restorative procedures relates to anastomotic disruption which can occur
because of inadequate vascularity, tension or faulty suture techniques. Con-
tamination or inadequate hemostasis may result in infected pelvic hematomas
which secondarily drain through the anastomosis.
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Goligher [49] has pointed out the very high subclinical leak rate found in 70%
of low and 40% of high hand-sewn anterior anastomoses. Conflicting results have
been reported in two randomized trials comparing the security of one-layer with
two-layer suture techniques [50, 51]. The modern circular staplers have decreased
the clinical leak rate as judged by fecal fistula or local abscess to very low levels. In
our personal series of 391 stapled anastomoses, clinical leaks occurred in only 13
patients (3%). High anterior anastomoses rarely disrupt since 12 of the 13 leaks
occurred in the 251 patients who underwent a low or an extended low stapled
anastomosis.

The incidence of pelvic abscess and fecal fistula after pull-through operations in
most series ranges from 10 to 30% often resulting from necrosis of the pulled-
through colonic stump which occurs in 5 to 22% of cases [52, 53, 54, 55]. Cutait
[40] reported that use of two stages and the delayed anastomosis decreased the
disruption of the anastomosis from 31.5% to0 2.5%.

In a recent series of 76 patients who underwent a coloanal anastomosis, pelvic
sepsis developed in ten patients (13%) and anastomotic disruption in two patients
(3%) [56]. Localio [57] reports that peritonitis developed in 4% and fecal fistula
in 12% of patients treated by abdominosacral resection. When compared to

Table 3. Mortality of major resections for rectal carcinoma

Procedure Author Date No. pts  Mortality
Abdominoperineal Resection  Mayo et al. [105] 1951 689 4.1%
Abel [106] 1957 188 5.3%
Gabriel [47] 1957 1223 9.2%
Lloyd-Davies [48] 1957 1090 8.6%
Morgan [107}] 1965 615 3.1%
Authors’ Series 1979 247 0.4%
McDermott et al. [72] 1982 107 5.6%
Anterior Resection Deddish & Stearns [46] 1961 189 5.3%
Vandertoll & Beahrs [45] 1965 1766 4.2%
Morgan [107] 1965 251 4.4%
Lockhart-Mummery et al. [29] 1976 751 4.2%
Authors’ Series 1982 309 0.6%
Pull-Through Resection Waugh & Turner [52] 1958 268 3.4%
Bacon [108] 1960 673 4.3%
Black [36}] 1967 157 3.2%
Kennedy et al. [53] 1970 158 4.5%
Endoanal Resection Parks & Percy [56] 1982 76 4.0%
Keighley & Matheson [64] 1980 8 12.5%

Abdominosacral Resection Localio et al. [57] 1978 100 2.0%
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anterior resection and abdominoperineal resection, the abdominosacral resec-
tion was associated with an increased anastomotic leak rate in younger men.
Localio therefore, recommends a proximal colostomy for this age group. Mason
[58] reports pelvic sepsis in 18% after his transsphincteric operation.

5.4.3. Functional results

As noted earlier, anal continence can be preserved with only a short anorectal
stump. The rectal reservoir function is lost, however, and frequency and urgency
of defecation result, putting greater than normal demands on the anal sphincters.
If the sphincters were inadequate pre-operatively, or damaged during the con-
duct of the operation, incontinence may result.

The pull-through procedures are the least satisfactory in achieving satisfactory
functional results. Bacon found only 3 of 145 patients wore perineal pads because
of incontinence but 61% of the patients required irrigations because of problems
with defecation [59]. Waugh and Turner [52] found that only 10% of patients had
perfect control following the Bacon procedure. Black [36] reported normal
continence in 70%, partial incontinence in 17%, and total incontinence in 13% in
his series of 157 patients. He also noted troublesome strictures at the union site in
many patients. Approximately 25% of patients have perfect continence after the
Turnbull-Cutait procedure, though tolerable function is achieved in about 90%
[53, 55, 60, 61].

Of the 76 patients treated by a coloanal anastomosis in Parks’ [56] series, 39 had
normal bowel function; 30 were normal except for 3—4 bowel movements per day;
six were moderately impaired, and one was incontinent. Detailed physiologic
studies of 12 of these patients revealed they were no different than normal people
[62]. Rudd [63] reports excellent continence after coloanal anastomosis whereas
Keighley and Matheson [64] reported disappointing functional results after endo-
anal anastomosis in eight patients and noted that very low anterior resection with
circular staplers produced superior functional results. Localio [65] reports that all
100 patients treated by abdominosacral operation were continent for flatus and
stool. Mason [58] similarily reports good results with 60% of patients having
normal function and 30% slight impairment only after transsphincteric resection.

High anterior resection has minimal effect on bowel habits or continence [66].
After low and especially after extended low anterior resections, staining of
underwear may occur in 20% and difficulty controlling flatus in about 10% [55].
Frank fecal incontinence is rare and has occurred only once in our series of 309
anterior resections. Frequency and urgency increase as the distal rectal stump
becomes shorter. Function usually improves during the first few months after a
low anterior resection and for most patients becomes very acceptable.

5.4.4. Recurrence and survival
Much of the controversy regarding restorative resections relates to the question
‘do they offer the same opportunity for cure that abdominoperineal excision



174

does?’ As noted earlier, the abdominal dissection can be the same in restorative
procedures and total excision with one exception — the extent of dissection distal
to the tumor.

A comparison of survival rates after restorative procedures versus abdomi-
noperineal excision can be misleading since surgeons tend to treat more favorable
lesions with restorative procedures and more unfavorable lesions with abdomi-
noperineal excision [29, 67, 68]. The five-year survival of proximal rectal cancers
is about 10% greater than that of distal rectal cancers [69]. Upper lesions are
obviously more amenable to treatment by restorative resections. Distal third
cancers whether resected by abdominoperineal excision or restorative resection
fare the worst in terms of survival and pelvic recurrences [70]. Thus, it is not
surprising that many studies note a 7-20% greater five-year survival after anterior
resection of rectal cancers when compared to abdominoperineal excision [29, 30,
31].

In several studies, authors have compared lesions at the same level treated by
abdominoperineal resection or restorative resection. Localio [57] reviewed his 10
year experience with anterior resection, abdominoperineal resection and abdom-
inosacral resection for rectal cancer in patients matched for age, sex, level of
lesion, and extent of spread. There was no difference in five-year survival or
incidence of pelvic recurrence. Glenn and McSheary [71] found the five-year
survival similar after resection of cancers above 10 cm from the anal verge. Many
others report a similar result for these upper third lesions. Thus, restorative
resections are accepted by almost all surgeons today for such lesions.

More controversial, however, is the role of restorative resection for middle
third rectal cancer. McDermott et al. [72] reported their experience with 417
patients with a middle third rectal carcinoma. Between 1950 and 1980, the
proportions of these patients treated by restorative resection increased from 26 to
93%. Distribution by age, sex, tumor stage, and histology was similar in both
groups of patients. Ten-year survival rates were 60% after restorative resection
and 59% after total excision. In another study of 248 patients with carcinoma of
the middle third of the rectum treated by anterior resection (176) or by abdomi-
noperineal excision [72] the authors found no evidence of increased local recur-
rences as long as at least a 3.0 cm distal margin was achieved during anterior
resection [33]. They also found no correlation between grade of malignancy and
incidence of local recurrence.

The St. Mark’s Hospital experience with 42 poorly differentiated cancers of the
mid-rectum (8-12 cm from the anal verge) was recently reviewed. Twenty-eight
underwent abdominoperineal excision and 14 an anterior resection. They con-
cluded that anterior resection offered as good a prospect of cure as total rectal
excision even for these poorly differentiated cancers of the mid-rectum. Our own
data supports the conclusion that sphincter preservation for middle third rectal
cancers will not lessen survival prospects provided at least a 2.0 to 3.0 cm distal
margin is achieved. Parks [56] reported that of 32 patients undergoing a curative
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resection and coloanal anastomosis, 21 (66%) were alive without sign of recur-
rence 3 or more years after their procedure. Twelve of 19 patients (63%) were
alive without recurrence for five-years [56]. Keighley and Matheson [64], on the
other hand, reported pelvic recurrence in three of eight patients 6, 9 and 14
months after resection of rectal cancers 5 to 8 cm from the anal verge with
restoration by a coloanal anastomosis.

6. Local treatment

It is interesting that in recent years, treatment for carcinoma of the rectum has
come full circle since local therapy is once again being advocated. As opposed to
the late 1800’s where such therapy was the only approach available, local treat-
ment today is being used in a highly selective way. Current understanding of the
development and spread of carcinoma of the rectum has increased our ability to
better predict which lesions might be cured with local therapy alone. Similarily,
we can better predict which lesions are beyond hope of cure no matter how radical
the resection. Both such situations account for the increased use of local therapy
for cure or palliation in the modern era [74].

6.1. Selection criteria

Many different sets of criteria for tumor selection for local therapy have been
proposed. Mason [75] considers only freely mobile or mobile lesions for local
excision. Nichols et al. [76], based on a prospective trial comparing pre-operative
rectal digital examination with pathologic examinations or final surgical assess-
ment, have suggested a clinical staging system based on mobility, extent of
extrarectal spread, presence or absence of tumor ulceration and amount of
lumenal circumference involved to aid in selection of patients for local treatment
and restorative resection. The difficulties in the selection process can be further
illustrated by differing criteria for local excision proposed by Beart, Jagelman,
and Salvati in a recent symposium on restorative resection [77]. Beart felt that
tumors should be less than 4 cm in size, Grade I11I or less, and obviously nonannu-
lar, where as Jagelman felt the lesion in question should be 3cm or less in
diameter, polypoid, and mobile. On the other hand, Salvati felt local excision
should be used only for those cancers arising in a villous adenoma or a tubular
adenomatous polyp. All agreed that the tumor should be within 5 to 7cm of the
dentate line and technically it must be possible to remove the entire lesion. These
varying sets of criteria are clinical attempts to identify cancers which have not
spread to local nodes and are unlikely to recur locally. Such lesions are appropri-
ate for local treatment.
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6.2. Options available

Options for local therapy are local excision, electrocoagulation and endocavitary
irradiation. Of these, local excision which is in essence a total biopsy, provides
pathologic information about the primary lesion whereas, both electrocoagula-
tion and irradiation destroy the evidence and no further pathologic information
can be obtained. Electrocoagulation is probably technically the easiest procedure
whereas endocavitary irradiation requires very specialized equipment and train-
ing. On the other hand, unlike electrocoagulation and local excision, endocavi-
tary irradiation can be performed on an ambulatory outpatient basis and anesthe-
sia is not required. Furthermore, there is almost no risk of bleeding and only a
negligible risk of perforation [78]. Both electrocoagulation and irradiation give an
‘extra margin’ of destruction but unfortunately, it cannot be determined if this is
needed or complete on any given patient.

6.2.1. Local excision

The technique of local excision can be accomplished either transanally or by
posterior incision using the transsphincteric or transsacral approach with an
extremely low mortality even in unfit elderly patients {41, 58, 79]. Regardless of
the method of exposing the tumor, a full-thickness excision containing a margin of
surrounding normal tissue is necessary. For pedunculated or small sessile lesions
confined to the mucosa, diathermy snare excision via an endoscope is appropri-
ate. If during a submucosal excision of a villous tumor, a suspicious area of deeper
involvement is encountered, the excision must be deepened to a full thickness. It
is essential that the specimen be pinned out for proper orientation and that close
communication and cooperation between surgeon and pathologist exist. A poten-
tial disadvantage of the Mason or Kraske approaches is that of extensive retrorec-
tal seeding of cancer. Two such instances occurred at Memorial Sloan Kettering
Cancer Center making subsequent abdominoperineal resection incomplete.
Both patients died of recurrence [80].

Stearns [80] reported a 75% five-year survival in 31 patients with nonpeduncul-
ated cancers treated by local excision. Beart [77] in comparing 292 cases treated
locally with 494 cases who had abdominoperineal resection for non-annular
cancers 4cm or less in diameter of Grade III or less histology reported a better
survival for those having had local treatment. Lock et al. [74] reported a favorable
experience in 143 patients with early rectal cancer treated by local excision over a
24 year period at St. Mark’s Hospital.

6.2.2. Electrocoagulation

Although initially reported by Byrne [81] in 1889 and reintroduced by Straus [82],
electrocoagulation as a method of treatment of rectal cancers received little
attention until Madden [83] advocated electrocoagulation as the ‘preferred’
method of treatment.
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Various methods of electrocoagulation have been described using different
types of electrical units and electrodes. This is not an office procedure, but instead
patients should be hospitalized and the procedure performed in an operating
room setting under either spinal or general anesthesia. The patient should have
both a mechanical and antibiotic bowel prep as though undergoing surgical
resection. Proper illumination, exposure and effective suction are essential. A
large operating proctoscope is highly desirable. Crile and Turnbull [84] have
described several helpful observations as follows. When tumor is destroyed by
electrocoagulation, it crumbles and can be wiped away. Muscle chars to the
consistency of leather, and fat is recognized both by its color and by the sizzling
that is produced when it is heated. Posteriorly, electrocoagulation can be quite
radical but anteriorly more caution must be exercised. Fixation of the tumor to
the rectovaginal septum is a contraindication to electrocoagulation because de-
struction of such tumors results in a rectovaginal fistula.

Eisenstat et al. [81] have found that if more than three electrocoagulation
sessions are necessary, then abdominoperineal resection should be considered.
One should not persist when it become obvious that the procedure is failing to
control the tumor.

It is impossible to accurately assess the efficacy of electrocoagulation since no
specimen is available for analysis. Nonetheless, the number of five-year survivals
reported by several authors is impressive [84, 85]. Salvati and Rubin [86] reported
a comparison of survival in 47 patients treated by electrocoagulation and 37
treated by abdominoperineal resection. The one to ten year survival for elec-
trocoagulation was 48% and the one to eight year survival for the abdomi-
noperineal resection group was 46%. Eisenstat et al. [81] reported a five-year
survival of greater than 70% in 24 patients with lesions involving one third or less
of the rectal circumference. Furthermore, in patients requiring conversion to
abdominoperineal resection the five-year survival was 26% . This compares favor-
ably to the overall five-year survival in Dukes’ C lesions where abdominoperineal
resection is employed [52].

6.2.3. Endocavitary irradiation

Papillon [78] introduced the technique of endocavitary contact irradiation deliv-
ering a total of 10,000 to 15,000 rads to the tumor in 3 to 5 short applications during
an overall treatment time of 4 to 6 weeks. In a series of 207 cases, he reported a
five-year survival of 74%. Sischy [87] in this country has had a similar experience
to that of Papillon. These are highly selected cases.

7. Clinical assessment

Accurate clinical assessment optimizes the choice of treatment for a select patient
and a select tumor and minimizes intraoperative misadventures and postopera-
tive morbidity and mortality.
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7.1. Cancer status

Local factors such as the precise location from the anal verge, size, percent of
fixation, and histologic grade of the primary are best determined by thorough
rectal and pelvic examinations and rigid proctoscopy with biopsy [76]. Com-
puterized tomography may be of value in determining the extent of local spread,
though Nichols ez al. [76] found rectal digital examination to be the most accurate
(and cheapest) test available. A preoperative biopsy is useful to confirm the
diagnosis of adenocarcinoma of the rectum. Early studies suggested that biopsy
correlated well with the final histologic grading but recent studies suggest that
preoperative biopsy is not totally accurate in assessing histologic grade [73, 78].

Synchronous lesions in the colon must be excluded. Between 2 and 5% of
patients with cancer of the rectum have a synchronous carcinoma and up to 20 to
30% have synchronous neoplastic polyps [89]. Copeland et al. [90] found a
synchronous cancer in 14.6% of patients who had multiple colonic polyps. Pre-
operative total colonic evaluation with colonoscopy or air contrast barium enema
should detect these lesions, the presence of which may greatly affect the type of
operative intervention to be performed. If complete or high grade obstruction is
present, these studies are impossible. A more concentrated effort to closely
examine the remaining bowel at laparotomy is made in such cases and after full
recovery from the rectal cancer surgery, total colonic evaluation must be
obtained.

The presence of distant metastases may influence the choice between local
therapy or major resection. Pulmonary metastases are best screened by a routine
chest xray with any suspicious areas checked further by fluoroscopy or tomogra-
phy. Screening for liver metastases is more difficult. Radionucleotide scans and
ultrasound have little use in routine screening because of the lack of reliability of
these tests and the expense incurred [91]. Finlay and McCardle [92] reported that
CT scanning detected ‘occult’ liver metastases in 11 of 35 patients who had
recently undergone apparent curative resection.

Only 9% of those patients with occult liver metastases detected by CT scan
survived 30 months as compared to 88% survival for 30 months for patients with
normal CT scans. The CT scan thus seems valuable in predicting prognosis but
whether this justifies its expense on a routine basis remains open to question. If
effective adjuvant therapy for such liver metastases is developed, then routine
screening for ‘occult’ liver metastases would be reasonable. Certainly, if the
presence of liver metastases would change the operative approach, CT scanning
is worth pursuing. Percutaneous, directed needle biopsy or laparoscopic biopsy
may also be useful in this setting. Obviously, the surgeons’ assessment of the liver
at the time of laparotomy may also influence his choice of procedures. Screening
for bone, cerebral, adrenal or other sites of distant metastases is not performed in
the absence of specific, suspicious symptoms or findings. The role of the car-
cinoembryonic antigen is controversial. In select patients, it may play a role in
follow-up in which case a preoperative level is useful as a baseline [93].
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7.2. General health status

The ability of a given patient to undergo major surgery influences choice of
treatment. The pre-operative examination and routine laboratory tests should be
aimed at identifying correctable problems such as anemia, malnutrition, or fluid
and electrolyte imbalance as well as defining concomitant disease states. Age per
se should not dictate therapy.

Whenever a restorative resection is contemplated for a rectal cancer, the
surgeon must assess the state of the anal sphincters. It would be tragic to perform
arestorative procedure in a patient whose sphincters are incapable of maintaining
continence. The possibility that a stoma, either temporary or permanent, may be
necessary should be discussed with the patient pre-operatively. Some patients
may have impairments such as severe arthritis, hemiplegia or blindness which
would make a stoma almost impossible to live with. In such cases, local therapy
may be a better choice of treatment. A pre-operative consultation with a qualified
enterostomal therapist is invaluable whenever the possibility of a stoma is con-
sidered.

7.3. Technical details

The pre-operative preparation of the patient should include a complete mechan-
ical and antibiotic bowel preparation regimen. The efficacy of such preparations
has been validated in several trials. Though more controversial, perioperative
systemic intravenous antibiotics do seem to decrease the incidence of wound
infection.

We find a pre-operative intravenous pyelogram of value in demonstrating the
course and number of ureters and the presence of any genitourinary anomalies.
This is especially true in patients who have had prior pelvic or distal colonic
surgery, previous diverticulitis, prior pelvic irradiation, and in those with large,
bulky rectal tumors. Ureteral catheters are considered in such patients to help
avoid or at least to aid recognition of ureteral injuries [94].

8. Special situations

The question of whether an anastomosis can be safely performed after irradiation
is increasingly relevant to clinical practice. Palliative resections, unfortunately,
continue to constitute a significant percentage of operations for carcinoma of the
rectum and they pose some special considerations. Obstruction and perforation
almost never occur with rectal cancer and are not considered here.
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8.1. Restorative resection in irradiated bowel

Although preoperative irradiation in carcinoma of the rectum has not been
shown to improve the five-year survival to a statistically significant level, there
appears to be a reduction in lymph node invasion, local recurrence, and distant
metastases [95]. In most studies, preoperative irradiation was used in low-lying
lesions, followed by abdominoperineal resections. The operative and postopera-
tive complications did not appear to be high [95, 96, 97]. Information regarding
resections and anastomosis in irradiated bowel is indeed limited. Photopulos ez al.
[98] reported a series of 17 patients who underwent bowel resection and ana-
stomosis using GIA and TA staplers after having received 4000-6000 rads for
gynecologic cancers. There were no anastomotic complications.

In Pilepich’s et al. [97] series with preoperative irradiation of 5000 rads, seven
patients underwent an anterior resection with primary anastomosis and comple-
mentary colostomy without leaks. In Stevens et al. [96] series, 13 patients with
carcinoma of the rectum and sigmoid colon, with the lower margin of the tumors
below 12-20cm, received preoperative irradiation of 5000 rads. They sub-
sequently underwent an anterior resection with a primary anastomosis. Four
patients had complementary colostomies. Six patients developed post-operative
complications: small bowel obstruction-2, anastomotic leak-2, anastomotic ste-
nosis-1, and abdominal wound dehiscence-1. Prospective studies of the effects of
low-dose and high-dose preoperative irradiation on low anterior anastomoses in
dogs were reported by Schauer et al. [99] and Bubrick et al. {100]. The dogs
received irradiation equivalent to 2000 rads and 4000 rads respectively. A secure
low anastomosis was achieved in both studies. The data also suggested that the
staplers produced a more secure anastomosis then a hand-sewn anastomosis.

It thus appears that a low anterior resection can be performed with reasonable
safety in both low-dose and high-dose preoperative irradiation. However, more
specific data is needed. Every attempt should be made to use the descending
colon proximally and the rectum well below the lesions, since these two areas are
exposed to a lesser amount of irradiation. Although a complementary colostomy
does not prevent anastomotic leak, it may save lives and make the management
easier should anastomotic dehiscence occur. This should be considered par-
ticularly if high-dose irradiation was given pre-operatively.

8.2. Palliative resection

A palliative resection for carcinoma of the rectum is reasonable to relieve
symptoms, prevent obstruction, and improve the patients’ well-being, if it can be
done with an acceptable morbidity and mortality [101]. Removal of the primary
lesion, in most cases, relieves the symptoms, particularly of pain, obstruction,
and bleeding and restores health and well-being at least for a short period of time
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[102, 103]. The operative morbidity and mortality are similar to curative resec-
tions in some studies but significantly higher in others [101]. Patients over the age
of 75 years with a previous history of cardiovascular disease seem especially at
high risk to undergo resection [103].

The choice between a low anterior resection or an abdominonperineal resec-
tion for palliation is based largely on one’s ability to clear the pelvis of tumor and
safely restore continuity. One should keep in mind that after an extended low
anterior resection, the palliative value may be lost by a prolonged hospital stay or
a prolonged struggle to regain anal continence. In such a circumstance, resection
with a well constructed end-colostomy will be more valuable. Similarily anterior
resection with residual tumor in the pelvis invites early, symptomatic recurrence
but a colostomy without excision of the tumor affords no worthwhile palliation.
One cannot expect irradiation or chemotherapy to be effective. Spurious diarrhea
with passage of blood and mucus still persists [44]. For unresectable tumors of the
lower- and middle-third of the rectum, electrocoagulation may temporarily con-
trol the symptoms [104].

9. Authors’ approach

Our personal approach to carcinoma of the rectum is guided by several principles.
First, one must keep in mind that some cancers of the rectum are curable by very
simple local therapy while others are incurable no matter how radical the opera-
tive approach. Long-term survival after resection of carcinoma of the rectum,
stage for stage, has not changed significantly in several decades. Second, the
surgeon’s role is to intervene in the natural history of carcinoma of the rectum in
the hopes of providing long-term cure whenever possible, but this must be done
without excessive mortality and morbidity. A critical analysis and long-term
follow-up of most reports suggesting that more radical operations will cure more
patients usually reveals no improvement in survival or improvement in survival
only if one ignores the increased mortality associated with the more radical
operations. At present, an approach which keeps operative mortality at less than
5% is mandatory. Third, preservation of anal continence is worth an ‘all out’
effort. Some restorative procedures are technically easy but many are difficult
and demanding. A team approach with at least two and sometimes three surgeons
present to assist in restoration of continence is critical, and can make the dif-
ference between preserved continence or a permanent stoma. Fourth, some
patients are best served by an abdominoperineal resection and well constructed
colostomy. We now have the technical capability to restore continence after
resection of many lesions of the lower rectum. We must carefully judge which
lessions and which patients are suited for restorative procedures.

Lesions of the upper third of the rectum are almost all treated by anterior
resection. Even elderly, frail patients tolerate this procedure quite well. An
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Figure 6. The surgeon must balance five factors to properly select the ideal operative procedure for a
patient with carcinoma of the rectum.

extremely high risk patient may be treated by a transanal excision or fulguration
of the lesion if technically possible. Alternatively, a transsphincteric approach
could be used to effect local excision.

Lesions of the middle third of the rectum in good risk patients are treated by
major resection. It is almost always possible to restore continuity with a low
anterior anastomosis using the circular staplers. Occasionally, a coloanal ana-
stomosis is provided. Rarely, an abdominoperineal excision is necessary. For
poor risk patients, lesions of the middle third of the rectum can be managed by
local transanal excision or fulguration. The transsacral or transsphincteric ap-
proaches are rarely used.

Lesions of the lower third of the rectum in good risk patients are generally
treated by major resection. If technically feasible and if a 3.0 cm distal margin is
obtained, an extended low anterior anastomosis or a coloanal anastomosis is
performed. Often, abdominoperineal resection is necessary. We are impressed
with some of the data suggesting that fulguration is the preferred method of
treatment of such lesions but to date, we have used this method only for palliation
or in high risk patients.

Summary

Surgical management of carcinoma of the rectum has evolved over the past
century to the point that the modern surgeon has multiple options of therapy
available to him. Of the major resections, abdominoperineal resection or anterior
resection are the most commonly used. Pull-through procedures because of their
technical demands and variable functional results are rarely performed today.
The abdominosacral resection, abdominotranssphincteric resection and the ab-
dominotransanal resection with coloanal anastomosis are options used routinely
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by a few surgeons but only in selective situations by most surgeons. Local
treatment is being increasingly performed today though its exact role is not
completely defined.

Current knowledge of the routes of spread of rectal cancer and of the mecha-
nisms of anal continence coupled with the increased safety of abdominal opera-
tions and the technological advances such as the circular staplers have brought us
to the point where most cancers of the mid-and upper rectum can be resected by
an abdominal approach and continuity restored. Most cancers of the lower third
of the rectum are best treated by abdominoperineal excision but some can be
treated locally with preservation of sphincter function. The dilemma today is to
achieve the proper matching of five variables: 1) the patient’s operative risk
factors; 2) the risks posed to the patient by his rectal cancer; 3) the risk inherent to
the proposed operation; 4) the potential for cure offered by the proposed opera-
tion; and 5) the functional results of the proposed operation (Fig. 6). The debate
over what constitutes optimal therapy for rectal cancer cannot ignore any of these
variables.
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8. Large bowel cancer: utility of radiation therapy
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1. Introduction

For 1982, both the expected incidence (114,000) and expected number of deaths
(52,000) for adenocarcinoma of the large bowel ranked second only to carcinoma
of the lung [1]. The male/female incidence ratio is essentially equal. Studies done
during the last decade have shown a proximal shift of lesion incidence within the
large bowel (i.e., rectal cancers have become less common and colon cancers
more frequent). The cause for this is uncertain.

Survival rates for colorectal carcinoma have improved slightly over the past 25
to 30 years. Such improvements, however, have been the results of an increase in
operability with little improvement by stage of disease in those patients who have
survived a ‘curative resection.’

Recent developments have led to marked interest in a combined modality
approach for initial treatment of rectal and selected colonic carcinomas: 1) Local
failure or recurrence (LF) within the operative field has been identified as a
significant problem in various operative series in spite of potentially curative
surgery [2-11). 2) Although significant palliation of 75 to 85% of such failures can
be obtained with radiation alone or in combination with chemotherapy, the
duration of palliation is often limited, the curative potential is 5% or less in most
series, and therefore, prevention of local recurrence is a necessity. 3) Data is
accumulating to indicate the curative potential of radiation for patients with
residual or unresectable disease (10 to 30%) or those who refuse abdomino-
perineal resection [12-18]. Radiation dose levels required to accomplish such
results (6000 to 7000+ rads) can, however, result in significant complications in
surrounding dose-limiting tissues and organs unless many precautions are applied
[15, 19]. Conventional supervoltage irradiation, therefore, is not a competitive
alternative to operation for lesions which are resectable. A preferred methodis to
combine more moderate radiation doses of 4500 to 5000 rad with potentially
curative surgery when high risk of local recurrence exists.

The intent of this manuscript is to discuss information concerning large bowel
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cancer that is pertinent not only to the radiation oncologist but also to all
oncologists. For instance, the brief section on diagnostic evaluation is not inten-
ded to be complete but annotates those studies that are pertinent to good
radiation therapy.

2. Anatomy and pathways of tumor spread
2.1. Colon and rectum

With colorectal cancer, the four standard mechanisms of tumor spread exist
(direct extension, lymphatic, hemotgenous, and surgical implantation), but in
addition, transperitoneal spread may be possible. Extension within the bowel
wall (intramural spread) is rare and usually only for short distances. In a series by
Black and Waugh [20], only 4 of 103 patients had microscopic intramural spread
greater than 0.5cm from the gi'oss lesion (maximum 1.2cm). Since primary
venous and lymphatic channels originate in submucosal layers of the bowel,
lesions limited to the mucosa are at little risk for either venous or lymphatic
dissemination. Transperitoneal spread is rare for the rectum since most of the
rectum is below the peritoneal reflection, but with colonic lesions there can be
direct extension to the serosal or peritoneal surface.

Lymph node involvement is found in nearly 50% of patients and is usually
orderly and predictable. Skip metastasis or abnormal spread occurs in only 1 to
3% of node-positive patients but according to Grinnell [21], is usually due to
lymphatic blockage. The major spread through lymphatic channels is in a
cephalad direction except for lesions 8 cm or less above the anal verge when both
lateral and distal (caudad) flow can occur. In female patients, this latter pattern of
flow places the posterior vaginal wall at risk [22].

2.2. Rectum

The rectum is surrounded by a fibro-fatty network in its lower two-thirds and by a
number of organs and structures which can be involved by direct extension.
Although the uterus and portions of vagina or small bowel can be removed with
minimal morbidity, the risks are increased with prostate or base of bladder
involvement. The surgeon may have to leave residual disease when tumor invol-
ves those organs or pelvic side wall structures such as vessels, nerves, muscle, or
bone.

Lymphatic drainage of lesions limited to the rectum is by two main routes. The
upper rectum drains via the inferior mesenteric system and the mid and lower
rectum can, in addition, drain directly to internal iliac and presacral nodes.
Lesions which extend to the anal canal can spread to inguinal nodes, and lesions
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which extend beyond the rectal wall spread via the lymphatic system of the
invaded tissue and/or organ.

2.3. Colon

Anatomically, the ascending and descending colon as well as splenic and hepatic
flexures are similar to the rectum. They are relatively immobile structures which
lack a true mesentery and usually don’t have a peritoneal covering (serosa) on the
posterior and lateral surfaces. Lesions that extend through the entire bowel wall
have the potential, as with rectal carcinoma, of compromised operative margins —
especially with posterior or lateral extension. Unless lesions are on the anterior
wall and extend through the entire serosa, peritoneal seeding may not be a major
risk.

The transverse and sigmoid colon have a complete mesentery and serosal
covering and are freely mobile except for their proximal and distal segment. For
lesions that involve the mobile portion of either organ, extension completely
through the wall to the serosal surface does not necessarily imply narrow circum-
ferential margins or involvement of surrounding structures, and the risk of
peritoneal seeding may be as great as or greater than the risk of local recurrence.
In these bowel locations, the risk of inadequate operative removal is probably the
greatest when there is tumor adherence to or invasion of surrounding organs or
tissues, or when the lesion originates in the proximal or distal portions of each
where gross extra-colonic extension can result in reduced operative margins. The
cecum is between these extremes, having a variable mesentery.

Lymphatic drainage is via the mesenteric system (inferior for the left colon and
superior on the right) unless adjacent organs or structures are involved. If
sigmoid, cecal, or descending colon lesions involve pelvic organs or structures,
the iliac systems may be at risk. Whan abdominal colon lesions involve the
posterior abdominal wall, direct spread to para-aortic lymph nodes can occur,
and if the anterior abdominal wall is involved, inguinal nodes are also at risk.

3. Diagnostic evaluation

Studies which evaluate the local extent of disease include digital exam, procto-
scopy and/or colonoscopy, barium enema including cross table lateral views,
computed body tomography (CT), and an intravenous pyelogram (IVP). When
lesions are palpable, one should note the inferior extent relative to the anal verge
and whether the lesion is clinically mobile or fixed. In all sites it is helpful to
describe the lesion’s position on the bowel wall, the degree of circumference
involved, and whether the lesion is exophytic or ulcerative. If hematuria is
present or findings on CBT or IVP suggest possible bladder involvement, pre-
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operative cytoscopy should be performed.

Workup for systemic spread involves a combination of laboratory and radi-
ographic studies. Lab evaluation should include liver and renal function studies
and a baseline CEA. While LDH is considered by some to be a nonspecific study,
we and others find it and CEA to be the most commonly elevated laboratory
studies in early metastatic liver disease. Preoperative radiographs should include
chest films and, if liver function tests are abnormal, a liver scan.

4. Pathology
4.1. Prognostic features

Although a large number of pathologic features have been previously analyzed,
the best prognostic indicators are status of nodes and extent of the primary lesion.
Lymph node involvement per se is not as important as the area [23] and number
[21, 24] of involved nodes. Prognosis is also related to the degree of direct tumor
extension within the bowel wall (confined to vs beyond mucosa) [2, 24] as well as
the amount of extra-rectal or extra-colonic extension {2, 3, 9, 11, 23]. The solitary
finding of either involved lymph nodes or complete wall penetration is not as
ominous as the presence of both [2, 3, 9, 11, 24].

4.2. Staging systems

A comparison of common staging systems [2, 5, 6, 23, 25, 26] is shown in Table 1.
A modification [5, 6] of the Astler-Coller rectal system [2] applicable to all
carcinomas of the digestive tract, is preferred in analyzing data because it reflects
more accurately the influence that initial extent of disease has on later patterns
and incidence of failure as well as survival rates. In the past, the Dukes’ staging
system [23, 25] has long been useful because of its ability to predict the outcome of
survival after surgery, but it is less useful in distinguishing subpopulations of
patients at greatest risk for local failure. The modified system differentiates by
degree of extra-rectal or extra-colonic involvement in the B2 and C2 group be it
macroscopic only (m), gross or macroscopic extension confirmed at microscopy
(mé&g), or adherence to or invasion of surrounding organs or structures (B3 or
C3). This system has been used to analyze the patterns of recurrence after
potentially curative surgery and indicates that within each Dukes’ stage (B and C)
there are subgroups of patients with significantly different risks for local failure
{7, 9] (see also Chapter 2).



5. General management
5.1. Operative considerations

For resectable lesions, operation remains the main treatment of choice. The need
for adjuvant preoperative or postoperative treatment should be determined by
extent of disease. The objective of surgery is to remove the tumor and primary
nodal drainage with as wide a margin around both as is technically feasible and
safe [27-29]. If adjacent organs are involved, they should be removed en bloc
with the specimen. Exceptions to this are when tumor is adherent to prostate or
base of bladder since the side effects of pelvic exenteration are excessive. A
preferable alternative would be preoperative irradiation to shrink the lesion,
remove the lesion with organ sparing techniques, and boost areas of adherence
with additional irradiation intraoperatively or postoperatively.

Combined abdominoperineal resection (Miles’ operation-APR) and anterior
resection are the main operative procedures applied for rectal cancer with factors
in choice being clinical level of lesion, operative findings, and the surgeon’s
individual preference and training. When adjuvant radiation may play a role,
consideration should be given to some of the following items. Whenever feasible,
the pelvic floor should be reconstructed to minimize the amount of small bowel
within the true pelvis. If abdominoperineal resection needs to be performed,
some form of primary or partial closure of the perineum should be considered to
speed healing (2 to 6 weeks vs 2 to 3 months) and decrease the interval to
postoperative radiation or chemotherapy. Anatomic location of the bowel pri-

Table 1. Staging systems for colorectal carcinoma. Comparison of Dukes’ scheme with TNM and a
modification of the Astler-Coller system by Gunderson and Sosin

Staging system

Dukes’ Modified TNM+
Ast-Col
A TN, Nodes negative; lesion limited to mucosa
A B, T,N, Nodes negative; extension of lesion through mucosa but
still within bowel wall
B B,* T3Np Nodes negative; extension through the entire bowel wall
(including serosa if present)
C, T,N, Nodes positive; lesion limited to bowel wall
¢ C* T;3N,; Nodes positive; extension of lesion through the entire

bowel wall (including serosa)

* Separate notation is made regarding degree of extension through the bowel wall: microscopic only
(m); gross extension confirmed by microscopy (m&g); adherence to or invasion of surrounding
organs or structures (B; + C;; TNM system — Ts).

+ By definition M, or no evidence of metastases.

Modified from Gunderson LL, Current Prob Cancer 1: 40, 1976.
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mary should be precisely noted. Small clips should be placed around areas of
adherence and residual disease for the purpose of boost field radiation. It would
also be helpful if clips were placed around the tumor bed in adjuvant cases so that
shrinking field techniques of irradiation can be considered.

For the purpose of postoperative irradiation, anterior resection, when feasible,
is preferable to abdominoperineal resection in mid and high rectal lesions. This is
due to several factors: 1) less small bowel in the pelvis postoperatively; 2) fewer
technical and physical problems during irradiation as the perineum doesn’t need
to be included; and 3) faster rate of healing if a perineal wound is not necessary.

Low anterior resections are technically feasible and produce survival rates
similar to abdominoperineal resections in the large group of patients with lesions
from 8 to 15 cm above the anal verge [30]. Low anterior resections are being done
with increasing frequency for lesions 6 to 8 cm above the verge due to the wide
availability of the EEA stapling device. Since distal intramural spread is possible
with this latter group of patients, one may have to consider small field adjuvant
postoperative irradiation when distal margins are <2cm, even if nodes are
negative, and the lesion is confined to the wall.

When deciding which operative procedure is possible and adequate, the sur-
geon and pathologist commonly refer to the distal bowel margin (amount of
resected normal bowel below the primary lesion), but both need to pay more
attention to nodal and circumferential margins. When lesions extend through the
entire bowel wall, the real surgical problem is often the inability to get sufficient
lateral and anterioposterior margins due to anatomical limitations. When perirec-
tal nodes are involved, there is an increased risk of nodal involvement near the
surgeons’ mesenteric ligature or in internal iliac or presacral nodes. However, the
surgeon rarely removes or even biopsies the latter two node groups, and the
pathologist rarely examines the former.

Following moderate doses of preoperative irradiation (4500 to 5000 rad), only
abdominoperineal resections used to be recommended due to a possible increase
in anastomotic leaks. On the basis of published data by Stevens et al. [31] and
unpublished data from others, it has been shown that such doses do not preclude
anterior resection and primary anastomosis. An unirradiated loop of large bowel
should be used for the proximal limb of the anastomosis with temporary diverting
colostomies done only on the basis of operative indications.

5.2. Operative failure after ‘curative resection’

5.2.1. Rectal cancer

As shown in Tables 2 and 3, the risk of local recurrence after ‘curative resection’ is
a double pathologic prognostic factor related to disease extension beyond the
bowel wall as well as to nodal involvement [2, 3, 9, 11, 24]. Local recurrence in the
group with nodal involvement but tumor confined to the wall (i.e., Cl) is 20 to
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25% which is actually less than in the group with nodes negative but extending
through the wall (i.e., B2 = B3) where the risk is 30 to 35% (Table 2). The group
that has both bad prognostic factors, nodal involvement and extension through
the wall (i.e., C2 = C3), has nearly an additive risk of local recurrence varying
from 50 to 65% in the clinical series and 70% in the reoperative series.

In the MGH series [9], the incidence of both total and local failure in the node-

Table 2. Colorectal cancer — extent of disease vs later local failure (LF). Varied series — after curative
resection

Modified*  Clinical Series Re-Op’n
A-C Stage U Florida Portland, Me MGH U Minn
(Colo-rectum) (Rectum-cAPR) (Rect-R Sig) (Rectum-cAPR)

Within Wall

A 030 - 01 - 0/3 - - -
B, 320 (15%) 6/42  (143%) 336 (8.3%) - -
G 419 (21.1%) 15 - 2/4 - 47 (23.5%)

Through Wall
B, (+B;)  29/106 (27.4%) 13/37 (35.1%) 18/59  (30.5%) - -
C, (£GCy) 33/64  (51.6%)  24/37 (64.9%)  20/40  (50%) 28/40  (70%)

Totals 69/230 (28.9%)  44/122 (36.1%)  43/142 (30.3%) - -

* See Table 1 re-definition of extent.
Modified from Gunderson LL, Alimentary Tract Radiology III. Ed Margolis and Burhenne p. 395,
1979.

Table 3. Extent of tumor vs later failure & survival - MGH. 142 rectal-rectosigmoid patients —
‘curative resection’

Initial extent* Total failure Pelvic recurrence (LF)
LN (-)
A [mucosa only] 0/3 - 0/3 -
B, [beyond mucosa; within wall] 7/36  (19%) 3/36  (8%)
B, (m) [through wall, micro] 4/12  (33%) 2112 (17%)
B, (m&g) [through wall, macro] 14/32  (44%) 8/32 (25%)
B; [adjacent organ or structure] 10/15  (67%) 8/15 (53%)
LN (+)
C, [within wall]

1 (55% 9
C, (m) [through wall, micro] 11 (55%) Y11 (36%)
C, (m&g) [through wall, macro] 20127 (74%) 14/27 (52%)
C; [adjacent organ or structure] 56 (83%) 4/6  (67%)

* Modified Astler-Coller Stage.
Modified from Rich T, Gunderson L, Galdabini J, et al., Cancer 52: 1317-1329, 1983.
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negative group increased with each degree ot extension beyond the wall (Table
3). The incidence of pelvic recurrence for the B3 group was double that of the B2
(m&g) subgroup and three times higher than the B2(m) subgroup. In the node-
positive group, although the number of patients in each subgroup was small,
there were also suggestive differences. As shown in Table 4, Withers et al. [11] had
larger subsets of node-positive patients. A definite increase in local recurrence
was found when difficulty was encountered in the surgical dissection or there was
operative adherence (S), and with pathologic involvement of surrounding struc-
tures (P). Therefore, even in the node-positive group, the degree of extra-rectal
extension appears to be an independent factor influencing the risk of local
recurrence.

Although the risk of local recurrence should be markedly diminished with the
addition of adequate adjuvant irradiation, this will not ensure an increased cure
rate. Prevention of early demise from pelvic recurrence may allow development
of subclinical or occult systemic disease. As shown by Gilbert, however, if we do
nothing more than prevent the tremendous symptomatic problem of local recur-
rence, we have accomplished a great service.[4]

5.2.2. Colon cancer

Increasing data is being accumulated in autopsy [32], clinical [4, 33-35], and
reoperative series [36] to indicate that local recurrence is a significant problem
after resection of colonic as well as rectal lesions (Tables 5-7). Clinical series can,
however, underestimate the incidence of local failures, in view of silent tumor
bed failures and may place excess emphasis on liver only failures. Although data
from clinical series [33] suggest that one-third of failures occur solely in the liver,

Table 4. Rectal cancer - local failure vs extent of disease. (MD Anderson Hospital)

Extent* Total pts LF (%)

LN (-)

B, 149 3%

B,

a) No unusual problems 146 12%

b) Adherance or difficult dissections (S) 52 22%

B, - Adjacent structure (P) 11 31%

LN (+)

C, 12 32%

G

a) No unusual problems 92 28%

b) Adherance or difficult dissection (S) 23 70% .
C, - Adjacent structure (P) 11 45% } 62%

* Modified Asther Coller Stage S =surgical P = pathological.
Modified from Withers R, et al. (1982) Raven Press pp 351-362.
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autopsy (Table 5) [32] and reoperative series [36] suggest that this may be less
than 10%.

In the University of Washington series [35], 186 of 550 patients with colon
cancer had later evidence of failure. Within the failure group, 64 of the 186 had a
reoperation at some interval (symptomatic look in 54). As shown in Table 6, in
the group with reoperation, one could accurately divide abdominal failures into a
retroperitoneal nodal component of disease versus peritoneal seeding. In ad-
dition, a much higher percentage of patients were found to have a local compo-
nent of failure.

A total of 230 patients had reoperative procedures following curative resection
of colorectal cancer at the University of Minnesota [36], and failures were defined
in 152. Since this was a select high-risk group with a majority of patients having
nodal involvement alone or in combination with extension beyond the bowel wall
at the time of the initial procedure, data in this series cannot be compared directly
with other series. Failures in the tumor bed *+ nodes were most common with
rectal lesions but were not uncommon with primaries at other bowel sites (Table

Table 5. Colorectal cancer — patterns of failure, MGH

Clinical + Autopsy* Autopsyt
Sigmoid Proximal to Proximal to Sigmoid Rectum
+ Rectum Sigmoid Sigmoid
Pelvis
Alone 30% - - 11% 12%
Component 45% 10% 9% 27% 41%
Abdomen
Alone 7% 24% - - -
Component 23% 48% - - -
Any Component
Peritoneal - - 31% 41% 25%
Regional Nodes - - 49% 57% 59%
Liver
Alone 13% 30% 5% 2% 2%
Component 45% 61% 67% 68% 48%
Lung
Alone 4% 4% = = 5%
Component 32% 27% 31% 43% 52%
Any Component
Bone 7% 3% 7% 7% 16%
Brain 6% 3% 7% 4% 5%

* Percentage are of 177 patients with clinical or pathological proof of tumor failure (74% of patients
had biopsy or autopsy tissue confirmation).

1 Percentages are of 145 patients with autopsy proof of tumor failure (sigmoid 44, rectum 56,
proximal to sigmoid 45).
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7). Peritoneal seeding was least common with rectal primaries which are less
accessible to the peritoneal cavity. The incidence of hematogenous failures was
similar for all sites although the distribution differed. With rectal primaries,
hematogenous failures were fairly evenly divided between liver and lung due to
venous drainage via both the mesenteric and internal iliac routes; with colon
primaries, initial hematogenous failures were usually in the liver.

5.2.3. Rectum and colon

Other factors, in addition to extent of disease, that may influence local failure
after curative resection include the location of tumor, blood vessel invasion and
histological grade [9]. The relative importance of each of these varies by series.

5.3. Chemotherapy

At present, the results of either single or combined agent chemotherapy for
advanced disease or in an adjuvant setting have been disappointing [37]. Three
agents of drugs have been documented to have consistent but not outstanding
activity: fluorinated pyrimidines (5-FU, 5-FUDR), nitrosoureas, and mitomycin
C. For single agent chemotherapy of advanced disease, 5-FU has an accepted 15
to 20% response rate and accepted rates for the other two agents are the same or
slightly less.

6. Adjuvant irradiation

Differences of opinion exist regarding the preferred sequence of combining

Table 6. Extrapelvic colon patterns of failure (U Washington)

Failure any component Total group™ Reoperationt
# % (%) # Y%
Local failure 54 -29 (9.8) 29/61 (47.5%)
Abdominal failure 73 -39 (13.3)
Retroperit. LN - - - 13/38 (34%)
Peritoneal seeding - - - 28/64 (44%)
Liver metastasis 74 - 40 (13.5) 18/54 (33.5%)

* Open % are of 186 pts. with failure and ( ) % of total group of 550.

t 54 of 64 had symptomatic reoperation.

Failure by stage: A 1/58 (1.5%); B, 9/106 (8.5%); B, 63/200 (31.5%); B;14/23 (61%); C;9/20 (45%); C,
75126 (59.5%) C; 15/17 (88%).

From Russell ef al. (1984) Cancer (in press).
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surgery and irradiation (XRT). In summary, the major advantage of preoperative
XRT is the potential damaging effect on cells that may be spread locally or
distantly at the time of operation. The major advantage of postoperative treat-
ment is the ability to subselect out groups of patients at high risk for local
recurrence on the basis of operative and pathologic findings and delete patients
with advanced but undiagnosed metastatic disease before exploration or those at
low risk for local recurrence. A well-designed combination of preoperative and
postoperative XRT (sandwich technique) could, in fact, combine the theoretical
advantages of each.

6.1. Preoperative adjuvant irradiation

A number of centers have applied preoperative irradiation for resectable rectal +
rectosigmoid lesions with a variety of dose and portal arrangements [16, 31,
38-41]. All have demonstrated proof of tumoricidal responsiveness at the time of
surgery either by partial or total regression of the primary or the finding of a lower
incidence of lymph node involvement than would ordinarily have been
anticipated.

In two prospective randomized low-dose series (Princess Margaret Hospital
[16] 500 rad X 1 or VA Hospital [39, 40] 2000 to 2500 rad in 2 to 2 1/2 weeks vs
operation alone), survival was statistically better in some irradiated patient
groups. In the VAH series of 700 patients, local recurrence and distant metastases
were also decreased in an autopsy subgroup, but both were still unacceptably high
at 29% and 40% respectively. In the high-dose, nonrandomized Oregon series
[31, 41], (5000 to 6000 rad 6 to 7 weeks), only 1 of 45 patients (2.3%) with
subsequent curative resection was proven to have later pelvic recurrence. This

Table 7. Patterns of failure — colorectal. U Minnesota Reoperation series

Site of Primary Failure = Component of failure*
total
LF-RF PS DM
# % (%) # % (%) # % (%)

Extrapelvic

Transverse 3/8 3-100 (38) 1-33  (13) 2-67 (25

Cecum 26/37 18- 69 (49) 6-23 (16) 10-38 (27)

Asc., Desc.

Flexures 29/46 23- 79  (50) 14-48 (30) 17-59 (37)
Pelvic

Rectum 52/74 48— 92 (65) 3-6 (4 26-50 (35)

Open % are of failure group and ( ) % of total subgroup at risk.
* LF-RF (local-regional Failure); PS (peritoneal seeding); DM (hematogenous).
From Gunderson and Sosin. Submitted for publication.



200

latter data suggests that adequate doses of preoperative XRT in combination with
surgery may make a major impact on local recurrence (29% vs 2.3% in VAH vs
University of Oregon data).

6.2. Postoperative adjuvant irradiation

Three major prospective but nonrandomized postoperative series applied similar
dose levels of 4500 to 5500 rad in 5 to 6Y/, weeks and treated only those patients at
high risk for local recurrence [5, 10, 11, 42, 43]. Table 8 compares local recurrence
rates after curative resection alone or in combination with XRT. For equivalent
total groups (B2-3, C2-3 £ Cl), local recurrence decreased from 37% to 48%
with operation alone to 6% to 8% in the XRT series. Similar decreases were seen
for each extent of disease. In the B2-3 subgroup, the reduction was nearly ten-
fold from 30 to 35% down to around 5% and in the C2-3 subgroup, from 45 to
65% down to 10 to 12%.

Distant failures in the three nonrandomized series continued to be a problem in
25 to 30% of patients in spite of the improvement in local control. As shown in

Table 8. Extent of disease vs later local failure (LF).

Clinical Series After Curative Resection of Colorectal Cancer

Extent of disease Operation alone Operation + Postop XRT
U Florida, MDAH! LDS-SLC? MGH*
MDAH, MGH, (rectal) (colorectal) (rectal)
Maine
Within Wall LN+ (C;) 20 to 30% 0/3 0/2 1/9
(11%)
Through Wall
LN- (B, *B;) 25 to 35% 1/18 0/10 2/36
(5.5%) (5.5%)
LN+ (G2 Cy) 45 t0 65% 3/33 2/163 5/50°
(9.1%) (12.5%) (10%)
LN—, LN+ (B; +C;) - 1/8 - -
(12.5%)
LN Status unknown - - 0/4 -
(By3 vs Cy3)
Totals 35 to 50% 5/62 2/34 8/955
(8.1%) (6%) (8.4%)

U Aug 77 analysis.

2 June 78 analysis — minimum 2 year F/U.

3 Both had deviation in planned dose/time scheme — received =4500/5 wk.

4 June 81 analysis — minimum 2 year F/U and 66% with minimum 3 year F/U.

5 Marginal recurrence in 1 additional patient (6/50 or 12% C, + C; and 9/95 or 9.5% of total group).
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Table 9, hematogenous failures are much more common than peritoneal except
for the C3 group where the peritoneal failure incidence was 50% (5/10) in the
MGH series [43].

Local recurrence was compared in nonrandomized but sequential series for
operation alone (103 patients) versus operation and postoperative irradiation (95
patients) in the the MGH analysis [43]. Since one cannot fairly compare overall
local recurrence rates as one group is at risk for a longer time period, both groups
were analyzed at the three-year period postoperatively. As shown in Table 10,
there was a statistically significant reduction in local recurrence at nearly each
stage level in the groups who received adjuvant postoperative irradiation (B2[g],
B3, C1+ C2[m], C2[g]).

In a randomized trial from the Gastrointestinal Tumor Study Group [44],
patients were randomized to a surgical control arm versus treatment arms of
postoperative irradiation, postoperative chemotherapy, or a combination
thereof. In radiation alone arm, patients received either 4000 or 4800 rad and in
the radiation plus chemotherapy arm, either 4000 or 4400 rad. The disease-free
survival of all three treatment arms was superior to surgery alone at the interval of
130 to 