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FOREWORD

My appointment as lecturer to the Department of Surgery at St James’s Hospital, Dublin

provided me with an unparalleled opportunity to study one disease in breadth and in depth.

With an annual experience of more than 60 oesophageal resections each year for

carcinoma and a throughput of 80 to 100 new cases each year this was a unique

microcosm in which to examine the presentation and management, the effects and

side-effects of treatment, the value and limitations of surgery, the prognostic indicators of

outcome and the opportunity to quantify and modify treatment and quantify its effect.

At this time the unit undertook a randomised clinical trial of multimodality therapy versus

surgery alone for oesophageal cancer. While I claim no credit for setting up this study, I

recruited and monitored the patient population entered into the trial and was intimately

involved with their management and follow-up. I also explored the prognostic potential of

immunocytochemical staining of biopsy specimens.

The other unique resource was the oesophageal laboratory, which not only provided a

clinical service, but despite financial restraints remained one of the foremost research

laboratories thanks largely to Dr Paddy Byrne. This permitted examination of the function

of the oesophago-gastric remnant.

With this in mind I embarked on a series of prospective studies of risk factors, function,

response to treatment and outcome together with the team members of the oesophageal

unit. The end result of the work of this period is embodied in this thesis.
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ABSTRACT

The presentation, management and outcome of oesophageal carcinoma presenting to one
unit was examined from a 700-case experience, and a series of studies undertaken to
predict, refine and improve outcome. There were more adenocarcinomas than squamous
tumours in the body of the oesophagus which is consistent with recent literature.
Respiratory complications were the most frequent cause of postoperative morbidity.
Survival correlated with tumour stage and gender. Within stages, however, the range of
survival was considerable.

The role of post-operative ventilator support in respiratory morbidity was studied by
mandating a change in postoperative management, initiated by the author, to early
extubation. This proved possible in 84 percent of patients and the mean ventilator time
and ICU stay were significantly reduced resulting in a reduction in morbidity and cost.

Delayed gastric emptying is the most frequent symptom compromising quality of life
following resection but few studies have exainined motility and none using dynamic
methods, and none examined the role ofa prokinetic agent. Motility was studied using
videofluoroscopy and intragastric manometry. No manometric activity was seen while
fasting in oesophagectomy patients or normal controls. Feeding generated a measurable
wave pattern in the patient group only. Erythromycin greatly enhanced wave amplitude
for patients more than controls and videofluoroscopy confirmed purposeful motility. The
effect of erythromycin on gastric emptying was examined and compared with cisapride and
pyloroplasty using a radiolabelled meal. Oesophagectomy caused marked delay in
emptying with 56 % of the meal remaining at 4 hours compared with 16% in controls
(p--0.0006). Only erythromycin restored normal emptying.

The role ofDNA ploidy in staging was examined by comparing tumour ploidy with
outcome in the two subgroups of patients with stage 2a squamous tumours, based on
disease free survival. Ploidy status was a good prognostic indicator and helped further
refine prognosis within stage with a sensitivity and specificity of 93 and 29 percent for the
image analysis technique and 76 and 60 percent for flow cytometry.

The role of neoadjuvant therapy for oesophageal carcinoma was examined in a prospective
randomised trial comparing chemotherapy and radiotherapy (CR) followed by surgery with
surgery alone. 158 patients completing treatment and followed for more than 3 months
were studied. Of 61 patients with squamous carcinoma significant down staging followed
CR with 79% node negative compared with 42 % following surgery (p=0.01). The 2 year
survival difference [55 percent (7/12) versus 32% (4112)] was not significant (p<0.08). Of
97 patients with adenocarcinoma downstaging occurred following CR with 55 % node
negative compared with 21% for surgery (p=0.03). There was a significant survival
advantage for patients completing the protocol with a mean survival of 16 months
compared with 11 months for surgery (p=0.016).

The role of epidermal growth factor receptor (EGFR) and proliferating cell nuclear antigen
(PCNA) in predicting response to chemoradiotherapy was examined using expression of
these tumour growth and proliferation proteins from pre-treatment endoscopic biopsy
specimens. Of 9 patients with a complete or partial response 8 were negative for one or
both markers. Of the 5 tumours with a minimal response 4 were positive tbr both EGFR
and PCNA (p<0.05) suggesting that we can now more accurately predict those patients
more likely to respond to neoadjuvant therapy.
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SUMMARY

This series of studies examines the presentation, management and outcome of oesophageal

carcinoma presenting to one unit with an experience of 700 resections and presents a

series of studies aimed at predicting and improve outcome. There were slightly more

adenocarcinomas than squamous tumours in the body of the oesophagus. Respiratory

complications were the most frequent cause of postoperative morbidity. Survival

correlated with tumour stage and gender. Even within stages, however, the range of

survival was considerable. At 1, 2 and 5 years 44, 28 and 11 percent of patients

discharged were alive.

The role of post-operative overnight ventilator support in respiratory morbidity was

examined by assessing the effect of a policy change to mandatory early extubation.

Immediate extubation proved possible in 84 percent of patients and the mean ventilator

time and ICU stay were significantly reduced resulting in a significant reduction in

morbidity and cost.

The role of the prokinetic agent erythromycin in the motility and emptying of the

transposed and denervated gastric conduit was examined in two studies. Motility was

studied using intragastric manometry and videofluoroscopy. No manometric activity was

seen while fasting in patients or in normal controls. Feeding generated a measurable wave

pattern in the patient group only. Erythromycin greatly enhanced wave amplitude for

patients and controls and videofluoroscopy confirmed purposefifl motility. The effect of

erythromycin on gastric emptying was compared with cisapride and pyloroplasty using a

radiolabelled meal. Oesophagectomy was associated with marked delay in gastric with 56

% of the test meal remaining after 4 hours compared with 16% in normal controls

(p=0.0006). Only erythromycin restored normal emptying.

The role of DNA ploidy in refining staging as a prognostic indicator was examined in a

study which compared tumour DNA ploidy with outcome in the two patient subgroups

with stage 2a squamous tumours, who survived tbr less than or longer than 1 year. Ploidy

status was a good prognostic indicator with a sensitivity and specificity of 93 and 28.6

percent for the image analysis technique and 76 and 60 percent for flow cytometry.
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The role ofmultimodality therapy was examined in a prospective randomised trial which

compared chemotherapy and radiotherapy (CR) followed by surgery with surgery alone in

squamous and adenocarcinoma. 159 patients completing treatment and followed tbr more

than 3 months were studied. Of 61 patients in the squamous carcinoma limb significant

downstaging followed CR with 79% node negative compared with 42 % tbllowing surgery

(p=0.01). The 2 year survival difference [55 percent (7/12) versus 32% (4/12)] was not

significant (p<0.08). Of 97 patients with adenocarcinoma downstaging occurred following

CR with 55 % node negative compared with 21% for surgery (p=0.03). There was a

significant survival advantage for patients completing the protocol with a mean survival of

16 months compared with 11 months for surgery (p=0.016).

The ability to predict response to chemoradiotherapy was examined using expression of

the tumour growth and proliferation proteins epidermal growth factor receptor (EGFR)

and proliferating cell nuclear antigen (PCNA) from pre-treatment endoscopic biopsy

specimens.. Of the 9 patients with a complete or partial response 8 were negative for one

or both markers. Of the 5 tumours with a minimal response 4 were positive for both

EGFR and PCNA (p<0.05). suggesting that we can now more accurately predict those

patients more likely to respond to neoadjuvant therapy.

These studies suggest that we can reduce morbidity and improve both the quality and

duration of survival for patients with oesophageal cancer as well as predicting more

accurately which patients are likely to survive without adjuvant therapy and which patients

are more likely to respond to neoadjuvant measures.
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CHAPTER 1

INTRODUCTION

A historical per.wective o[the presentation, management options and outcome.lbr

patients with oesopha~eal cancer. The literature is reviewed, the current state of our

umterstanding is outlined and directions jbr ji~ture research indicated.
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Introduction

O esophageal carcinoma has long been regarded as a rare but lethal condition,

presenting late, with a prohibitive treatment related morbidity, an excessive

hospital mortality and a poor quality of lit~ following surgery. Surgical efforts were

addressed chiefly towards improving swallowing and, hopefully, prolonging survival in

those cases suitable for resection. Many changes have occurred over the past twenty years

in the presentation, management and outcome of oesophageal cancer to warrant

reappraisal of our traditional views of this tumour. Recent changes in the incidence, the

age and sex distribution, the histological type, the approach to surgery and the role of

adjuvant and neoadjuvant therapy necessitate a fresh perspective on its management. The

issues which now exercise the minds of surgeons and other researchers in this field are the

identification of risk factors for complications, hospital mortality and survival; the role of

neoadjuvant therapy: the evaluation of quality of life following resection: the function of

the oesophageal and gastric remnant following surgery or chemoradiotherapy; and the

ability to improve such abnormalities of function as are identified. These are the issues

which form the focus of this series of studies.

Incidence.

One of the most intriguing features ofoesophageal carcinoma is the enormous variation in

the incidence throughout the world. The incidence in Ireland is unknown but the Vital

Statistics published annually by the Department of Health revealed that in 1990, 9.9 males

and 5.6 females per 100,000 persons died of or with oesophageal cancer [1]. As it is likely

to have been under diagnosed, and some patients will have been cured by surgery we can

surmise that the incidence is over 10 per 100,000 for males and over 6 for women. This

makes oesophageal cancer the 10’h most common turnout in Irish men. For the rest of the
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world the variation is extreme, ranging from 0.4/100.000 for women in the state of Utah.

USA to 170/100,000 in the Gonbad region of northern Iran [2]. In the United States the

incidence is higher for black males at 12.4 per 100,000 than fbr white males at 4.1 per

100,000 [3]. For black females it is 2.6 while white t~males have an incidence of 1 per

100,000.

The highest European incidence are recorded in Nonnandy in France [4] and Padua and

Triest in Italy [5]. In the developing world the incidences of up to 500 times those of the

West are recorded. In China oesophageal cancer has been recognised as a cause of

distress since antiquity. The Ge Shi Ging (hard of swallowing) disease is recorded in

China’s earliest surviving scroll dating from 300Be and in the Linxian province the

prevalence in the over 30 age group is 0.9 per cent [6]. In Asia the republics of

Turkmenia, Kazakhstan and Ubekistan form the centre of the Asian cancer belt where an

incidence of up to 547/100,000 males has been recorded [7]. In northern Iran [8]

oesophageal cancer accounts for up to 30% of all cancer deaths. Other areas of notably

high incidence are Singapore, amongst its Chinese residents, India, and the Transkei region

of South Africa amongst the Bantus and Zulus.

Changing Incidence.

World Health Authority data suggests that the incidence ofoesophageal cancer is static

world-wide. But while it is declining in many countries it is increasing along the Western

European seaboard, especially in Ireland, Scotland, England and Spain [9]. Ireland is

seventh from the top of a league table of 33 countries from where reliable incidence figures

are available (Figure 1.1) [10] while Northern Ireland, Scotland and England and Wales

ranked 3~d, 4th and 5~h respectively. This represents an increase of 50 percent for

15
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Figure 1.1 Changes in standardised mortality rates (SMR) fiw oesophageal cancer over a 30

year period showing an increase for both Irish males and females.

Irish men and 11 percent for women during this 30-year period. Irish women aged 70-79

now top their European league in terms of increasing incidence [10].

Tumour Types and Recent Changing Trends.

The most remarkable change in the presentation ofoesophageal cancer has been in the

pattern of its histology. Until relatively recently the vast majority ofoesophageal cancers

were squamous cell tumours. While the incidence of squamous cell lesions has remained

static, the incidence ofadenocarcinoma, the second most common type. has increased

dramatically. This increase has been documented independently in the United States

[2,11,12], Germany [13], Britain [14] and Denmark [15]. In a detailed study of this

change Blot et al [12] analysed the cancer incidence from nine areas of the United States

and revealed a steadily rising rate from 1976 to 1987, increasing by more than 100 percent

16



for men. There was an annual average increase in oesophageal adenocarcinoma of 9.4

percent amongst white men and 9.8 percent amongst black men. Thus, by 1987

adenocarcinomas accounted tbr 34 percent of all oesophageal cancers amongst white men.

This rate of increase surpassed that of any other cancer, outpacing increases in incidence

of malignant melanoma, non-Hodgkin’s lymphoma and cancers of the lung. This was

accompanied by the static trend tbr squamous carcinoma of the oesophagus and a slight

decline tbr adenocarcinoma of the more distal part of the stomach. This appeared to be a

true increase and not due to improved specification of diagnosis. The reason for this

increase is unclear. Little is known about the risk factors for adenocarcinoma apart from

the link with Barrett’s oesophagus. While Barrett’s oesophagus is a common pre-cursor

there are no population based statistics to evaluate time trends in its incidence. Barrett’s

in turn is associated with increased risk of gastro-oesophageal reflux. In a case controlled

study of adenocarcinoma arising in Barrett’s oesophagus cancer patients were not heavier

consumers of alcohol or tobacco than typical Barrett’s patients with cancer [16], but the

relationship between uncomplicated Barrett’s oesophagus and smoking mad drinking has

not been extensively examined.

Risk Factors.

The variation in incidence throughout the world reflects the known aetiological risk

factors for squamous carcinoma. The most important of these are smoking, alcohol,

nitrosamines, ingestion of hot liquids, mineral deficiencies, nutritional deficiencies of

vitamin A, B, and C and certain fungal infections.

Pure ethanol is not considered to be mutagenic per se but appears to facilitate the diffusion

of small molecules to the basal layers [17]. Alcohol abuse, however, is usually associated

17



with nutritional deficiency and in developing countries is occasionally contaminated by

carcinogenic substances. Tobacco has a well recognised role in the development of

carcinoma, with pipe and cigar smoking being more of a risk than cigarette smoking, and

the risk is directly linked with the tar content and number smoked [18, 19].

Exposure to nitroso compounds may occur through ingested food, water, tobacco and

industrial emissions or they may be formed endogenously by the reaction of nitrites with

secondary and tertiary amines. Nitrites may in turn be formed by the action of bacteria on

exogenous nitrates. Pickled and stored vegetables, cured fish and meats, vegetables and

alcoholic beverages are the principal sources of nitrates [20]. Chewed opium tar induces

stasis in the oesophagus and prolongs the exposure of the oesophagus to harmful

carcinogens [21]. Mineral deficiencies may lead to an accumulation of nitrates and nitrites

in vegetables, which are not broken down to the amino acids necessary for plant

development [22]. Plant health is compromised predisposing to contamination by fungi.

Fungal infection is "known to stimulate hyperkeratosis and hyperplasia of the basal cell

layer of the oesophagus [23].

Risk Factors in Different Regions.

In Europe the development of cancer is largely attributable to alcohol abuse and to

tobacco smoke. A clear dose-response relationship has been described between the

consumption of alcohol and tobacco and the development of carchloma [18,19,24]. It has

been calculated that the incidence ofoesophageal carcinoma would be reduced by 80% by

the complete avoidance of smoking and heavy alcohol consumption.

In China the increased incidence is attributed to a combination of factors such as pickled

food, fungal contamination of maize and millet by Geotrichum candidum, low levels of

18



molybdenum in the soil and vitamin deficiency [25]. In lran, where smoking and alcohol

have a negligible role, the use of opium, both smoked and chewed as tar [21], and the use

of very hot tea are considered the dominant risk factors.

In Singapore the use of pickled tbod, the consumption of burning hot liquids as well as a

local Chinese wine are considered risk factors [26]. In the Transkei the high silica content

of the soil is thought to cause constant irritation, and the local marijuana, dagga, as well as

the local tobacco which are both known to be very mutagenic, containing high levels of

nitrosamines [27].

Predisposing Factors in Individual Cases.

Predisposing factors in individual cases of squamous carcinoma include achalasia,

irradiation, caustic injury, coeliac disease, diverticula, prior gastric surgery and tylosis

while the only known predisposing factor for adenocarcinoma is Barrett’s mucosa.

Achalasia has been recognised as being associated with squamous cell carcinoma since

1872 [28] and the incidence of carcinoma in achalasia in the literature is described as 2.9

percent of 4005 cases [29]. This may occur long after the patient has been treated. It

probably reflects the influence of stasis and chronic irritation rather than a genetic

predisposition.

Reporting on a large series of caustic injuries Applequist and Salmo documented 63

malignancies in 2414 caustic burns suggesting an incidence of 2.6 percent [30]. The carci-

nomas appeared about 40 years after the initial injury. This is felt to be due to chronic

inflammation and repeated irritation from mechanical dilatation of the associated strictures.

Large series have been reported, however, without a single malignancy.
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Coeliac disease has been associated with the development of malignant change in the

oesophagus [31 ]. The mechanism is thought to involve nutritional deficiencies due to

intestinal malabsorption.

Oesophageal diverticula are associated with an incidence of malignancy of 0.3 percent

[32]. Here, chronic inflammation, mechanical irritation and bacterial overgrowth are all

thought to play a role.

Tylosis is an autosomal dominant condition causing palmar and plantar keratosis and

associated with a high incidence ofoesophageal carcinoma [33]. It has been estimated

that virtually all such patients who live to 75 will get carcinoma.

Previous gastric surgery was described in 8 of 92 patients with oesophageal carcinoma in

one series [34]. It was suggested that exposure of the oesophagus to alkaline reflux might

have precipitated malignant change. There have been few other studies to confirm this

association.

Certain dietary deficiencies, such as iron and riboflavin deficiency in Plummer-Vinson

syndrome, are linked to the development of carcinoma in women but not in men [35].

Experimental riboflavin deficiency has been shown to produce atrophy and hyperkeratosis

of the oesophagus and stomach [36]. Deficiency of Vitamin A and Nicotinic acid

deficiency [37] have also been linked to this risk.

Barrett’s mucosa has long been recognised as being associated with adenocarcinoma.

Carrie described the first case in 1950 [38] and several subsequent reports have confirmed

this association [39,40]. This frequently follows a sequential progression from low grade

to high grade dysplasia to frank carcinoma. The natural history is unknown, however, and

rapid progression to invasive cancer without intervening dysplasia has frequently been

described [41,42]. The risk of malignant change appears to be related to the length of
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Barrett’s mucosa [43]. The likelihood of neoplastic change appears ill the region of 30-40

times that of the general population [44]. Alternatively this may be expressed as the

developnlent of one carcinoma in 150 patient years [45].
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MANAGEMENT OPTIONS

Surgery: A Historical Perspective.

In 1886 yon Miculicz became the first surgeon to resect and reconstruct the cervical

oesophagus for tumour [46]. His pupil Sauerbruch carried out an intensive series of

experinlents to develop a method of preserving lung function during thoracotomy [47].

Unfortunately his inventive genius was not rewarded with surgical success and none of his

3 patients survived the operation [48]. The introduction of endotracheal intubation for

anaesthesia in 1909 allowed Torek to pertbrm his first and only successful transthoracic

resection of the oesophagus [49]. It was not until 1933, however, that the cause of

resection took another step forward when Grey Turner performed a transhiatal resection

with antesternal reconstruction using a Roux loop anastomosed to a skin tube [50]. In the

same year Oshawa performed a series of transpleural intrathoracic oesophageal resections

with oesophago-gastric reconstruction [51] but the West was not to learn of these

developments until much later. By this time Adams and Phemister reported transpleural

oesophagectomy with oesophago-gastric reconstruction in 1938, establishing this as the

standard procedure for oesophageal cancer [52]. McKeown described his three-stage

technique mobilising the oesophagus sequentially in the abdomen, the chest and right side

of neck [53]. This was felt to provide greatest turnout clearance and safest anastomosis as

a leak in the neck was considered a relatively minor complication while a leak within the

thorax was almost universally fatal. As greater awareness that locoregional failure was

frequently the cause of death Skinner described the en bloc resection of oesophagus,

draining nodes and surrounding tissues [54]. This concept was extended by Akiyama who

described three field lymphadenectomy excising cervical nodes along with mediastinal and

upper abdominal nodes for greatest likelihood of extirpating the turnout. Against this

trend, however, was the reintroduction of the transhiatal resection popularised by Orringer

who believed that the side effects ofthoracotomy outweighed any benefits from

mediastinal node dissection [55].
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The results of surgery for oesophageal carcinoma from the 1950"s to the late 1970"s were

reviewed in a landmark publication by Earlam and Cunha-Melo [56] in which they

analysed the world literature on oesophageal carcinoma during a twenty five year period

from 1953-1978 as detailed in 122 papers reporting on a total of 83,783 patients. They

calculated that of every 100 patients presenting with carcinoma of the oesophagus only 39

were suitable for resection. The resection mortality rate was 29 percent so only 26

patients le~ hospital with hope of cure. At one, two and five years 18, 9 and 4 percent

respectively of the original population who presented with cancer were still alive. This

paper has been much quoted and the results are still presented as the standard against

which other treatment modalities should be compared.

Many changes have taken place in the field of surgery, however, over the past quarter

century. Antibiotic prophylaxis has been refined; the importance of preoperative and peri-

operative nutrition has been recognised, anaesthetic and intensive care management has

been improved and surgical strategies have been rationalised. Such changes have led to

improvements in outcome for surgery in general and complex surgery in particular.

Miiller et al reviewed the recent literature, confining their attention to papers published

between 1980 and 1988, and analysed the results from 130 papers, selecting those from

centres reporting on 50 or more patients where the management was adequately

documented [57]. The outcome in 76,911 patients was examined and it was concluded

that of every 100 patients presenting with oesophageal carcinoma 56 had resectable

disease (compared with 39 percent in the previous quarter century). Of these, 7 would die

in the post-operative period to give a hospital mortality rate of 13 percent. This was a

significant reduction on the earlier figures of 29 percent. Survival rates following

resection were 56, 34 and 20 percent at 1,2 and 5 years compared to 69, 35 and 15

percent in Earlam’s series. At one, two and five years 27, 12 and 10 percent of patients

were still alive. While it may be possible to further reduce post-operative complications

and mortality rates, significant improvement in long-term survival is unlikely to be

achieved with surgery alone.
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Effect of Operative Approach on Outcome.

The operative approach to oesophageal carcinoma has not been subjected to a prospective

randomised trial. Of the many approaches available retrospective studies demonstrate no

clear advantage fbr any one approach [57]. The type of operation depends mainly on the

level oftumour, the extent of disease infiltration and the preference of the surgeon. The

debate as to the merits of transhiatal oesophagectomy over three field lymphadenectomy

will persist into the next millennium, despite passionate advocacy in favour of the one [58]

or the other [59]. The difficulty with finding a solution is that very large numbers are

needed to find a statistical difference in the management ofa tumour with so many at an

advanced TNM stage at presentation and so few likely to survive 5 years. Perhaps a

difference can only emerge if we examine the outcome in a study confined to early stage

disease. The largest such study carried out by Bonavina for the Groupe Europ0en pour

l’Etude des Maladies de l’Oesophage (GEEMO) showed a statistically significant survival

advantage for transthoracic over transhiatal oesophagectomy for patients with tumours

penetrating into but confined to the submucosa [60]. An alternative explanation for this

finding, however, is that failure to resect thoracic lymph nodes may have resulted in

understaging the disease with patients classified as stage I who were actually stage Ilb.

For carcinoma of the cervical oesophagus pharyngo-laryngectomy combined with resec-

tion of the thoracic oesophagus and reconstruction with a gastric pull-up is usually

performed. For carcinoma of the upper and middle third a total thoracic oesophagectomy

with a cervical anastomosis is to be preferred. Many insist, however, that there is little

difference between a high intrathoracic anastomosis and a cervical anastomosis in terms of

tumour clearance. For tumours of the lower third and cardia an abdominal and left chest

approach or thoracoabdominal approach are more popular but the Lewis-Tanner operation

is still widely used for many turnouts of the lower two thirds of the oesophagus. Because

of the high incidence of post-operative problems, especially respiratory, complications,

transhiatal resection without thoracotomy has been advocated as a low morbidity
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procedure [58]. It is clear that complications ofa thoracotomy wound combined with an

upper abdominal incision will produce greater respiratory disturbance than either incision

alone. No adequately designed comparative trial has been pertbrmed, however, to validate

this assumption. While there is a trend in favour of improved short term morbidity, poor

local disease control makes improved long term survival less likely.

The introduction of thoracoscopic mobilisation of the intra-thoracic oesophagus,

pioneered by Cuschieri [61] holds considerable promise of reduction of morbidity and

mortality, and in expert hands has resulted in reduced requirement for transfusion and

reduced post-operative pain. It takes greater skill and considerably longer to perform, and

does not appear to reduce respiratory morbidity, one of the theoretical goals of this

approach.

The length of clearance above the tumour has been examined in one study and it was

found that ten centimetres clearance proximal to the tumour was optimal [62]. There

appears to be no accepted length for distal clearance.

The extent of lymph node resection is controversial. Japanese studies frequently report

five year survival rates in excess of 30 percent and attribute these results to extensive

nodal resection of all the draining node groups including cervical nodes. Their data on

lymph node involvement would appear to support these findings. Akiyama has reported

that for tumours of the upper oesophagus 46 percent will have cervical nodes involve& 56

percent will have mediastinal nodes and 12 percent will have positive abdominal nodes

[59]. For tumours of the middle third the corresponding figures are 29, 53 and 39

percent; and for tumours of the lower third the figures were 27, 58 and 74 percent. If, as

it is argued, oesophageal carcinoma is a systemic disease at an early stage in the majority

of patients extensive dissection in the mediastinum will enhance the potential for cure only

in the cohort of patients with spread confined to lymph nodes. It is unclear what

percentage of patients this represents. It is clear, however, that in most series the
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operative and postoperative risks are increased. For instance, over 20 percent of patients

sustain permanent recurrent laryngeal nerve damage in some series and this can result in

severe or fatal consequences tbr patients with compromised cardiorespiratory reserves.

On an individual patient basis, however, it would appear that extensive lymph node

resection provides the best hope tbr cure. It is unfortunate that despite the many large

series in the literature, mainly from Japan, on the benefits of three-field lymphadenectomy

over two-field dissection none were carried out as part of a properly conducted

randomised trial. The only trial to examine this issue in detail was that of Kato [63], but it

has been criticised by Skinner because of lack of proper stratification [64]. While

approximately 66 percent of patients in both limbs of the study had positive nodes,

survival rates were increased from 34 to 49 percent in the three-field dissection group

without significantly increasing morbidity. Trials examining the effect on Western patients

are awaited.

Post-Operative Morbidity.

The incidence of post-operative complications is difficult to determine from the literature

as there is no uniform definition of significant complications. Minor and indeed potentially

severe complications are often incompletely documented. Furthermore, patients suffering

serious and fatal complications will often develop major complications as intercurrent or

agonal events and these will be under-reported. Most reports focus instead on major and

easily defined events such as haemorrhage, anastomotic leakage and recurrent nerve

injury.

Most patients will develop some degree of post-operative respiratory compromise, such as

basal atelectasis, which may be transient, or a contra-lateral pleural effusion which may not

interfere with recovery. Without a uniform definition of pulmonary complications it is

difficult to identify risk factors in their development but clearly patients with pre-operative

infection or aspiration or a forced expiratory volume of less than I litre are at increased

risk of post-operative pulmonary failure. Miiller’s analysis would seem to suggest that
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impaired pulmonary function occurs more often following transthoracic than transhiatal

resection [57]. Wong’s group found an incidence of 23 percent of major pulmonary

complications [65]. Multivariate analysis identified six fhctors that predicted these

complications; age, mid-arm circumference, FEVI, abnormal chest x-ray, blood loss and

palliative resection. When divided on this basis into low, intermediate and high risk

groups the incidence of complications was 3, 17 and 43 percent respectively. Another

study examined preoperative factors which might predict postoperative pulmonary

complications and from 22 factors identified three as significant; vital capacity, liver

cirrhosis and tumour stage [66].

The cause of anastomotic leakage is multi-factorial and includes vascular insufficiency,

tension, technique, malnutrition, hypermetabolism and haemorrhage. Dewar et al [67]

described a leak rate of 17 percent in 165 patients and identified the most significant risk

factors as low pre-operative serum albumin, running suture technique, high intra-operative

blood loss and the development of delayed gastric emptying. Lee et al reported a leak rate

of 27 percent in 352 patients operated on between 1981 and 1990 [68]. Risk factors

identified were the retrosternal or subcutaneous route over the posterior mediastinum, the

use of colon instead of stomach, manual anastomosis over mechanical, and end-to-end

over end-to-side anastomosis. Of this group 21 died, 20 underwent repair and 53 healed

spontaneously. Wong’s group found that 53 percent of their anastomotic leaks could be

attributed to technical factors [65]. One large review found no difference between one or

two layer technique, the leakage rate being about 12 percent in both [57]. Again it did

not seem to matter whether the anastomosis was handsewn or stapled, the leakage rates

were 11 percent and 13 percent respectively. There was, however, a higher leakage rate

when non-absorbable suture material was used than when absorbable material was

employed. While the leakage rate following cervical anastomosis is higher, the mortality

rate from a cervical leak is one third that of leakage from an intra-thoracic anastomosis so

the overall result of the two procedures is similar [57].
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The incidence of recurrent nerve palsy depends on the approach to the oesophagus and the

extent of dissection ranging from 0 when the abdomen and left chest approach is used but

increasing to 37 percent when the transhiatal route has been employed [69]. When using

the three.lieht dissection and cervical anastomosis the incidence is around 20 percent in

some series [62]. This is related to the fact that most of the nodes are in the recurrent

laryngeal nerve region. The incidence is lower using the three sta~e resection, first

mobilising the oesophagus in the chest, as the recurrent laryngeal nerve is swept forward

when the cervical oesophagus is mobilised from below.

The incidence ofchylothorax has been reviewed by Bolger el al [70] and it was found to

range between 0 and 8 percent with highest incidence in patients undergoing transhiatal

oesophagectomy for achalasia [71]. The reason for this is unclear but it suggests that

direct vision with clearly delimited lateral resection margins has an advantage over blunt

dissection.

Hospital Mortality.

The average hospital mortality following resection, in the most recent meta-analysis, was

13 percent [57]. This is about half of that reported during the previous twenty-five years.

The hospital mortality does not correlate with tumour characteristics, but there does seem

to be a trend towards increased mortality with more advanced tumours.

The principal determinants of hospital mortality appeared to be patient selection and the

skill of the surgeon. The lowest hospital mortality rates are to be found in papers by

surgeons with a large personal experience. Matthews et al has shown a negative corre-

lation between the number of carcinomas resected and hospital mortality [72]. There is

certainly evidence of a learning curve with a decreasing incidence of complications as

clinical experience increases. Apart from surgical skill mortality rates also depend on the

selection of cases for resection. If surgery is to be offered only to patients with proven

confined disease, some who could have survived will be denied hope, due to the limitation
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of current staging techniques. But if patients with more advanced disease are offered

resection the mortality rate is likely to rise. A multivariate analysis identified 6 factors

which influenced hospital mortality; age, midarm circumference, a history of smoking, use

of incentive spirometry, number of stairs climbed and volume of blood loss [65]. Patients

with stage I and II disease had a lower hospital mortality than patients with stage III or IV

disease. Significant also was curative resection with a hospital mortality of 9 percent

versus 20 percent for palliative resection. Zhang et al devised a preoperative scoring

system based on age, pulmonary function, cardiac function, renal function, hepatic

function, presence of diabetes mellitus, depth of tumour invasion and type of operative

procedure [73]. Each patient was scored for the presence of each factor on a 1 to 3 scale

and a score greater than 8 suggested modification of the operation to a less radical

procedure.
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ADJUVANT AND NEO-ADJUVANT THERAPY.

The maiority oftumours are loco-regionally advanced at the time of diagnosis. Amongst

patients undergoing resection fbr cure 60 to 80 percent have lymph node metastases [57].

Since the early 1980’s other modalities have been employed in addition to resection in the

hope of improving on the results of surgery alone. It has been felt that epithelial lesions

were likely to respond to chemotherapy or radiotherapy or a combination of both. These

strategies have been explored, alone and in combination, but the maiority have been

examined only in the context of single arm, phase II studies using historical controls. The

use of historical controls is particularly to be deprecated in oesophageal cancer studies as

there is such an extensive menu of morbidity, mortality and survival rates to chose from

that selective comparison may be made to prove that any treatment is better or worse than

surgery.

Radiotherapy.

The role of radiotherapy remains under investigation. No controlled clinical trial has

compared radiotherapy with surgery alone. Early results of radiotherapy seemed to show

a good response in squamous tumours, particularly the reports of Pearson showing

survival rates in patients treated by radiotherapy alone of 25 percent at 5 years [74].

Subsequent results from other centres were much less encouraging, dampening enthusi-

asm. A later report from Pearson’s unit, which included the patient population reported in

the earlier series, revealed that the earlier paper had made some unsustainable assumptions

about patients lost to follow up and those dying within the first year of treatment, all of

whom were considered to have been tumour free [75]. When recalculated, the outcome

for these patients was much worse than previously described but consistent with the

general experience. More recently a large multicentre report has shown that when patients

with potentially curable tumours are treated by radiotherapy alone only 33 and l0 percent

of patients will survive 1 and 2 years respectively [76]. This is inferior to the results of

surgery alone.
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Pre-Operative Radiotherapy.

The rationale for radiotherapy followed by surgery is based on the belief that tumour bulk

might be reduced, resectability increased and local control improved. It has often been

suggested that oesophageal cancer, with a rich vascular supply to the submucosa, was

likely to shed cells at surgery. These cells are well oxygenated and should be more

sensitive to radiotherapy. Pre-operative radiotherapy might thus reduce the risk of the

iatrogenic dissemination of turnout cells and enhanced long-term survival.

The majority of reports of pre-operative radiation therapy have consisted of single arm

trials using historical controls. Recently, however, a number of prospective and

randomised trials have evaluated pre-operative therapy in a scientific fashion [77-79].

Launois" group randomised 124 patients to receive either 40 Gy radiotherapy followed by

oesophagectomy or oesophagectomy alone [77]. The resection rate and perioperative

mortality rates were similar, being 70 percent and 21 percent respectively tbr surgery

alone and 76 percent and 23 percent for pre-operative radiation followed by surgery. The

median survival rates for the combined treatment and control arms were 4.5 and 8 months

respectively. Five year survival rates, excluding surgical mortality, were 9.5 percent and

11.5 percent respectively.

In a trial of 229 patients using 33 Gy radiotherapy, given in 10 fractions, the resection

rates for combined modality and control groups were 81 percent and 75 percent

respectively [78]. The operative mortality rates were 24 percent and 19 percent. It is

noteworthy that preoperative radiotherapy did not affect the incidence of lymph node

metastases in the resected specimens which were 56 percent and 58 percent in the two

groups. The mean survival was 12 and 12.3 months with five year survival rates of 9

percent and 10 percent respectively for the groups.
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In a Beijing trial 360 patients with squamous carcinoma of the mid-thoracic oesophagus

were randomised to received 40 Gy radiotherapy in 20 fractions over four weeks, followed

by surgery or surgery alone [79]. The resectablility rates were 90 and 83 percent

respectively and the operative mortality rates were 3 and 4 percent respectively. The

survival rates were 47 percent and 42 percent at three years and 37 and 33 percent at five

years. Sixty one percent of patients treated in the surgery limb had lymph node negative

disease suggesting that the majority of these patients had early tumours.

Thus randomised trials to date do not appear to suggest a survival advantage for

pre-operative radiation therapy and this should, therefore, be restricted to the setting of a

randomised clinical trial.

Post-Operative Radiotherapy

The rationale for using post-operative radiation therapy is to eradicate gross disease at the

resection margins or in the oesophageal bed or to sterilise suspected microscopic residual

disease. If gross disease is left behind aggressive radiotherapy focusing on the specific site

of residual disease might improve chances of survival. If the aim is to sterilise the tumour

bed of microscopic disease there are obvious problems such as accurately mapping the

area to be treated. This often requires an extended field approach to embrace all possible

foci of residual disease. Two randomised trials have compared the effect of post-operative

radiotherapy with surgery alone but no survival advantage was identified in either [80,81].

The fact that the stomach or colon interposition lies in the radiation field is likely to

increase toxicity and this has been documented in a recent study by Wong’s unit [80],

where post-operative radiotherapy provided no survival advantage but resulted in con-

siderable radiation toxicity.
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Chemotherapy

The majority of treatment failures following conventional surgery are due to distant

recurrences. In a number of autopsy studies performed a short time after surgery,

including studies on patients who died in the perioperative period, metastatic disease was

present in the majority [82-84]. This indicates that a large percentage of patients have

disseminated cancer at presentation and only effective systemic treatment will improve

their survival.

No trial has been reported which compared chemotherapy alone with surgery alone for

oesophageal carcinoma..

Pre-Operative Chemotherapy

There are a number of theoretical and experimental reasons for providing pre-operative

chemotherapy. Chemotherapy appears to be as effective as radiation therapy in controlling

loco-regional disease [85]. When the tumour burden is low pre-operative treatment may

reduce the incidence of spontaneous emergence of drug-resistant tumour cell populations

[86]. Treatment in the pre-operative rather than the post-operative period permits a more

accurate assessment of response.

The majority of pre-operative chemotherapy regimes examined to date have been single

arm uncontrolled trials. Only a few randomised trials have been reported and those were

confined to small numbers of patients. In one trial pre-operative chemotherapy was

compared with pre-operative radiotherapy [85]. The pre-operative radiotherapy group

received 55 Gy and the chemotherapy group received two cycles ofcisplatin, vindesine

and bleomycin. Objective response, operability rates, resectability and mortality rates were

similar and chemotherapy appeared as effective as radiotherapy in controlling

loco-regional disease.
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In a trial in which patients were randomised to receive pre-operative and post-operative

chemotherapy (cisplatin, vinblastin and bleomycin) or surgery alone, the operative

morbidity was higher in the surgery only group,(47 percent compared with 29 percent),

but the mean survival for both groups was only nine months [87].

As yet there are no randomised trials which show a survival advantage for patients treated

by pre-operative chemotherapy alone.

Concurrent Chemotherapy and Radiotherapy without Surgery

A number of studies have looked at the role of combined chemotherapy and radiotherapy

without surgery, but most of these have been uncontrolled phase 2 trials. Two large

randomised trials have compared radiotherapy and chemotherapy with radiotherapy alone

[76,88]. In one study all patients received 40 Gy initially [88]. Patients not undergoing

surgery received all additional 20-26 Gy. Patients randomised to combination therapy

received chemotherapy beginning on day 2 of radiotherapy with mitomycin C and 5-FU.

The median survival for patients receiving the combined treatment was 14 months

compared with 9 months ibr radiotherapy alone. The number of patients undergoing

surgery was unclear from the report, as were the indications for operation.

In another trial patients were randomised to receive 64 Gy of radiation alone, or 50 Gy

given concurrently with two courses ofcisplatin and 5-FU and followed by two additional

cycles ofcisplatin and 5-FU [76]. The trial was closed after 121 patients had been

recruited as a significant survival advantage emerged in favour of the chemoradiotherapy

and radiotherapy limb. The twelve and twenty tbur month survival rates were 33 percent

and 10 percent respectively for the radiation only group compared with 55 percent and 38

percent for the chemotherapy and radiation group. These trials present a clear case in
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thvour of concurrent chemotherapy and radiotherapy over radiotherapy alone.

Radiotherapy alone, however, is inferior to surgery alone, and the results of

chemoradiotherapy were no better than surgery alone.

Chemotherapy and Radiotherapy followed by Surgery

Because of the encouraging results with concurrent chemotherapy and radiotherapy a

number of units have attempted to improve results of surgery by giving combination

therapy prior to resection. The majority of trials have been single arm and uncontrolled.

In a report of 55 patients treated with mitomycin C, 5 FU and 30 Gy radiotherapy,

followed by further chemo-radiotherapy post-operatively, five patients had a complete

pathological response, and had a median survival of eighteen months [89]. A further study

from the same unit looked at the results ofCisplatin, 5 FU and 30 Gy concurrent radiation

therapy and of 21 patients examined, 15 came to operation of whom 5 were found to have

a complete pathological response [90]. The median survival for complete responders was

24 months compared with 18 months for the group as a whole. Disappointingly, of the 5

patients with a complete pathological response distant tumour recurred in all between 30

and 60 months and all have subsequently died. A more recent trial examined cisplatin,

vinblastin and 5 FU, given by continuous infusion, and radiotherapy given over 21 days to

a total of 30 Gy [91]. The overall treatment related mortality was 7 percent. At the time

of the last report of this data the median survival had not been reached but the results were

encouraging and a controlled trial had been undertaken.

Only two prospective randomised trials comparing surgery alone with pre-operative

radiotherapy and chemotherapy have thus far been published [92,93]. One shows no

advantage for 5-FU, cisplatin and 20Gy radiotherapy over surgery alone. It is noteworthy

35



that the radiotherapy and chemotherapy were given consecutively rather than concurrently

denying patients the potential benefit of a radio-sensitising effect of the chemotherapeutic

agents employed. The dose of radiotherapy would now be considered subtherapeutic.

The second [93] shows no survival advantage for the addition of chemotherapy to

radiotherapy but they reported a survival advantage for neoadjuvant radiotherapy over

surgery alone which is refuted by three other studies showing no advantage for

preoperative radiotherapy [77-79].
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FUNCTION AND QUALITY OF LIFE.

Function of the Oesophago-Gastric Remnant

Since oesophageal resection was such a formidable undertaking it is understandable that

outcome was usually measured in terms of morbidity, mortality and survival. The function

of the residual oesophagus and the denervated gastric remnant or the effect of such

function on quality of lif~ was not examined in any detail. With technical advances and

improved supportive management in-hospital mortality has been greatly reduced and more

patients survive tbr extended periods. The introduction of audit, not only of the surgical

process but of outcome, has forced surgeons to focus on the function of the

oesophago-gastric remnant, patient satisfaction with surgery, and quality of life following

resection.

Oesophagectomy necessitates considerable change in the anatomy and physiology of the

gastro-intestinal tract. In the majority of cases the replacement organ has been the

stomach. Side-effects attributable to denervation can be anticipated, such as gastric atony,

absence of gastric accommodation, impaired pumping action of the antral mill and an

increased incidence of dumping and diarrhoea. Division of the vagus alters gastric

secretion to a variable extent. Loss of the cardia allows free reflux of gastric contents into

the lower oesophagus. Relocation of the stomach in the posterior mediastinum may lead

to regurgitation and aspiration. Cardiac effects due to pressure of a dilated stomach in the

posterior mediastinum may be anticipated. Despite these expected effects of surgery few

studies have examined function in detail following surgery.
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Gastric Motility and Emptying

Gastric transposition is most frequently used to reconstruct the upper gastrointestinal tract

following oesophageal resection. Even where colonic interposition is employed vagal

denervation may be expected to alter gastric function. A number of studies which

examined gastric emptying are open to criticism as they employed liquid or semi-solid

meals to evaluate emptying [94,95]. This would reasonably be expected to empty faster

than solid food, which will remain in the gastric sump until liquefied. The stomach has

been reported as devoid of propulsive contractions by two studies [96,97]. Bonavina et al

[96] examined gastric function following oesophagectomy using manometry and

concluded that "the transposed stomach acts like an inert tube". Del Poll et al [97]

reporting on x-ray, manometry and scintigraphy findings in 34 patients with gastric

interposition concluded that the transposed stomach was devoid of motility and that

emptying was dependent on gravity. Pandolpho et al [98] noted absent phase II major

motor complexes and an absence of response to meals. In a scintigraphic study of 35

patients, however, Casson et al [99] concluded that the stomach retained its gastric

identity rather than acting as an inert conduit. No videofluoroscopic studies have been

reported.

Gupta et al [100] compared the effects ofpyloroplasty against no pyloroplasty in 24

patients and found that there was a significant delay in gastric emptying in both groups of

patients. This was improved but not completely corrected by pyioroplasty. Both Wong

[94] and Manneil [95] examined gastric emptying of semi solids and found that semi-solids

and liquids emptied adequately. Solid meal emptying was not examined.
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Manipulation of Function Following Surgery

Apart from pyloroplasty and anastomotic dilatation no studies of pharmacological

manipulation of the gastro-oesophageal remnant have been reported. The ability to

improve function would be of inestimable value to those patients currently experiencing

problems attributable to gastric denervation.

Other Aspects of Gastrointestinal Function

Lerut’s group noted that reflux was more frequent in patients with a thoracic anastomosis

than those with cervical anastomosis and oesophagitis followed a similar pattern t101].

Fifteen percent of patients had heartburn at 3 months and this persisted with 21 percent

complaining of heartburn at 12 months.

Following vagotomy a reduction in gastric acid secretion may be anticipated. Bonavina et

al [96] examined intra-gastric pH following oesophagectomy and noted while the area

under the curve was less than for controls production was still significant. Forssell et al

[102] performed acid secretion studies in patients following oesophagectomy and noted

that basal acid output was 0.27 mmol per 15 minutes and there was no significant increase

following sham feeding. They used this model as the ultimate test ofvagal denervation

with which highly selective vagotomy ought to be compared. The effect of intra gastric

pH or acid secretion have not been correlated with anastomotic stricture or oesophageal

reflux.

Effect of Oesophagectomy on Quality of Life

Improved quality of life, while difficult to define, is the goal of resection and many

approaches have been employed. Collard et a/[103] examined quality of life in patients

disease free more than 3 years. Body weight had increased in 13 and was unchanged in 4.

The major long-term complaint was a sensation of early fullness during eating in 11 of 17
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patients. Dysphagia, diarrhoea, cough-induced vomiting and postprandial sweating was

complained of by a minority. Self-evaluation of current alimentary comfort in comparison

with that predating the initial oesophageal tumour provided a symptom score ranging from

3 to 10 of a possible 10. Thirteen patients led active lives, seven at home and six

employed outside the home. Alimentary comtbrt was felt to be related to the capacity of

the oesophageal substitute.

Noguchi et al [104] examined the quality of life in 79 patients who underwent

oesophagectomy for oesophageal cancer and survived more than one year. About 90

percent of patients had a good appetite, taking ordinary solid foods, and 69 percent were

satisfied with the daily food intake. About 40 percent of patients complahled of dysphagia,

abdominal pain or diarrhoea after meal. Thirty two per cent of patients with recurrent

nerve paresis and 5 percent without paresis had trouble in daily conversation. Fifty six per

cent of patients who had worked before operation returned to work or were doing lighter

work than before.

Siewert’s group [105] assessed 80 of 235 patients who had undergone oesophagectomy

for cancer using three standardised questionnaires and compared them with normal

controls and with patients with cardiac or psychiatric illness. The point score was, as

might be expected, significantly higher for the patients than the random controls but was

lower than that of cardiac and psychiatric patients.

Conclusions

Surgery remains the gold standard for the treatment ofoesophageal cancer. Morbidity of

surgery remains significant and can probably be improved upon by audit of current

practice and modification of critical areas. Long-term survival has improved only slightly
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over the past forty years. The effect of improvement in surgical technique, such as three

field lymphadenectomy, await validation in western patients. Improved regional and

systemic regimens will be required to significantly improve overall long term survival.

Such studies must be conducted in the context ofa randomised trial. A prognostic

indicator of response would greatly enhance the attraction of multi-modality therapy. The

quality of life remains the final arbitrator of outcome. As yet there is no specific

instrument to evaluate the outcome tbllowing resection but a number of modified

instruments may give one a reasonably accurate impression of the patient’s satisfaction

with outcome. The function of the gastro-oesophageal remnant remains a significant

contributor to long-term morbidity. Further efforts are needed to determine how such

function might be improved and the quality of survival enhanced for hopefully an

increasing number of disease sufferers.
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CHAPTER 2

AIMS OF THESIS
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AIMS OF THIS THESIS.

The aims of this thesis were to examine the outcome ofoesophagectomy for carcinoma of the

oesophagus, to examine how morbidity of surgery might be diminished, whether function of

the interposed stomach could be improved, whether long term survival might be predicted,

whether multimodality therapy would influence survival and how responders to multimodality

therapy might be identified.

To examine outcome a database of 700 patients operated in this hospital over a 24 year period

were analysed. Risk factors for morbidity, hospital mortality and factors associated with long-

term survival were examined in detail.

To examine ways of reducing post-operative morbidity the practice of routine overnight

ventilation was discontinued and its effect on morbidity and mortality analysed.

The function of the interposed stomach was assessed by dynamic contrast studies and

manometry and the effect of the prokinetic agent erythromycin evaluated. Gastric emptying in

response to erythromycin was compared with cisapride, the current prokinetic agent of choice

and with pyloroplasty.

To determine whether staging might be refined and long-term survival more accurately

predicted tumour DNA would be quantified and ploidy status correlated with outcome.

The role of multimodality therapy in enhancing survival was examined in a randomised trial

comparing chemoradiotherapy and surgery with surgery alone fbr oesophageal carcinoma.

Finally, to examine whether response to neoadjuvant therapy might be predicted the

expression of tissue markers oftumour growth in the biopsy specimens was compared with

the response of the resected specimen to chemoradiotherapy.
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CHAPTER 3

OESOPHAGEAL RESECTION FOR CARCINOMA:

A review of 700 resections lbr carcinoma perli~rmed in this unit was carried out to

examine presentation, management and outcome.lbr surgery ahme in an Irish context,

in order to establish the norm lor morbidity, mortality and lon~-term survival.
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SUMMARY

A single unit experience of 700 consecutive operations for oesophageal carcinoma performed

between September 1971 and November 1994 is reviewed. The median age at presentation

was 64 years (range 27-85) with a male:female ratio of 1.5:1. There were 315 (45 percent)

adenocarcinomas, 363 (52 percent) squamous carcinomas, 18 (2 percent) had other histological

types, while this data is lacking on 4 patients. Fifty-one (8 percent) tumours were in the

pharynx or post-cricoid region, 27(4 percent) in the upper oesophagus, 173 (24 percent) in the

middle, 296 (42 percent) in the lower third and 141 (20 percent) in the cardia. When tumours

of the post-cricoid region and pharynx were excluded there was a slight preponderance of

adenocarcinomas over squamous tumours - 315 compared with 302.

The overall resection rate was 85 percent. There were 249 (36 percent) Lewis-Tanner

operations, 173 (25 percent) 3-Stage procedures, 143 (21 percent) abdominal and left chest

approaches, 73 (11 percent) pharyngolaryngo-oesophagectomies, 22 (3 percent) transhiatal

resections and 12 (2 percent) other procedures while 11 (2 percent) had no resection performed

and 15(2 percent) had insufficient data to determine the operative procedure. The overall

90-day hospital mortality rate was 17 percent. For tumours confined to the oesophagus it was

15 percent. For patients leaving the hospital the 1,2 and 5 year survival rates were 44, 28 and

11 percent respectively. Improved survival correlated with early tumour stage, fewer positive

nodes, proximal tumour location and female sex (p<0.05). Distal resection margin involvement

did not preclude long term survival. Resection, even ill advanced disease, can be performed

with morbidity and mortality rates comparable with more selective series and currently provides

the best hope of long term survival.
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INTRODUCTION

Surgery offers the best prospect of cure in early oesophageal cancer lesions and arguably the

best palliation for locally advanced tumours without metastases. Pre-operative staging is

inexact and it is not possible to select for surgery only those patients suitable for curative

resection without denying a proportion of patients with curable lesions a chance of long term

survival. In one carefully conducted study 25 percent of patients would have been denied

curative surgery by overstaging the disease using computerised tomography and magnetic

resonance imaging [106]. The role of endoscopic ultrasonography is still under evaluation and

while it would appear to improve the T staging its role in the management of nodal disease is

far from clear as there is no consensus on the criteria for defining the characteristics of benign

and malignant nodes [107]. Furthermore, as resection of up to 5 positive nodes is associated

with long term survival in Japanese series [62] and neoadjuvant therapy has been shown to

down-stage nodal disease in uncontrolled trials [108-110] surgery retains a curative role, even

with relatively advanced local disease.

Even where palliation is all that is possible resection allows normal swallowing freeing the

patient from dependence on hospitals for recurrent dysphagia in 90 percent compared with 33

percent for intubation [111], and at best 64 percent for laser therapy [112].

This report analyses a personal series in this unit by Professor Hennessy of 700 oesophageal

resections and seeks to identify aetiological risk factors for the disease, risk factors for

morbidity, for in-hospital mortality and factors which influence long term survival following

surgery.
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PATIENTS AND METHODS

Study Population

The clinical data of all patients undergoing surgery for oesophageal cancer over a 24 year

period from October 1971 to November 1994 were retrieved from a computer database. This

database has been compiled prospectively since 1989 by the author and completed

retrospectively from patient charts by other researchers.

Criteria for Resection

Criteria for resection evolved over this period but were based largely on the absence of

metastases or localised extension such as tracheo-oesophageal fistula and adequate

cardiorespirator?~ reserves. The wishes and motivation of the patient were also given due

consideration.

Operative Approach

Tumours of the cardia and lower third of the oesophagus were resected either by an abdominal

operation and left thoracotomy approach early in this series or later by the Lewis-Tanner

technique. Since 1986, the synchronous combined 3-stage operation has been increasingly

employed for tumours without involvement of the cardia due to disappointment with the high

rate of resection margin involvement using the Lewis-Tanner approach. The synchronous

combined approach is a modification of the procedure described by McKeown and has been

reported in detail elsewhere[113]. Where the stomach is encroached upon, or where patients

with lower third tumours suffer from limited cardiorespiratory reserve, or where the resection is

merely palliative the abdominal and left chest approach is more often used. Roux-en Y jeiunal

interposition was occasionally employed where the gastric cardia and a significant portion of

the stomach were involved with tumour.
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For tumours of the middle third the Lewis-Tanner approach was standard in the earl}, part of

this series but has increasingly been replaced since the mid 1980’s by the 3-stage resection.

Tumours of the upper third of the oesophagus were resected by a 3-stage resection ifa 5 cm

margin could be achieved, or by pharyngolaryngo-oesophagectomy (PLO) if adequate

clearance was impossible. Tumours of the pharynx, post-cricoid region and pyriform fossa

were resected by PLO and intestinal continuity restored by a colon interposition in the early

part of the series but later almost exclusively by gastric interposition. As patients requiring

PLO were managed largely by the Head and Neck firm and have been reported in detail

elsewhere [114] they will be discussed only briefly in this report.

Hospital Morbidity.

Hospital morbidity was recorded in the database in the following fields: respiratory,

cardiac, renal, and other complications; specific complications were recorded separately

such as anastomotic leak, haemorrhage, chylothorax, recurrent nerve palsy and the need

for reoperation. When recording the respiratory and cardiac complications it was usual to

record the severest for each patient such as respiratory failure or pleural effusion but not

the lesser complications of patients with multiple complications confined to a single

system, especially if they indicated a progression of a single process.

Hospital Mortality

Hospital mortality was defined as death from any cause prior to discharge from hospital

following resection.
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End Points of Study

The main end points of this study were aetiological risk factors, major morbidity, hospital

mortality and long term survival. These outcomes were correlated with age, sex, tumour type.

stage and grade, number of positive lymph nodes, tumour location, tumour length, resection

margin involvement and operative procedure.

Statistical Analysis

Patient data were collected prospectively since 1989 and retrospectively from patients

charts for the period 1971-1988. Survival is measured from date of operation to date of

death or most recent follow-up. Follow up was by outpatient visit or by telephone contact

with the family doctor. Data was entered into a database (Reflex) and was analysed using

the log rank analysis and the Cox’s proportional hazard model. Estimates of median

survival time are based on the Kaplan-Meier method, while group comparison of survival

time for individual variables is based on the logrank test. Cox’s proportional hazard

regression was used to model survival time as a function of a number of prognostic

variables.

When analysing tabular data the Chi square test was used, with Fishers exact test for small

numbers. Where one dimension was ordered and there were 3 rows or more the Kruskal

Wallis test was employed. Where both dimensions were ordered the Jonckheere-Terpstra

test was used.

All analyses were performed on a Power Macintosh computer using the JMP(SAS) (Stata

Corp) and the StatXact (Cytel Corp) statistical packages.
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RESULTS

Patient details.

Seven hundred patients were prepared for oesophageal resection in the 24 year period to

November 30th 1994. Of these 11 had advanced tumour and were intubated: the records of 15

other patients from the early part of the series were lost, permitting only limited analysis: and

73 had a PLO for carcinoma of the pharynx, post-cricoid region or the proximal oesophagus

and were managed largely by the head and neck surgical team and are therefore not analysed in

great detail in this report. There were, therefore, 601 patients available for detailed analysis, but

the denominator for each data subset depends on the conditions and restrictions applied

thereto. There were 421(60 percent) men. The mean age for men was 63.7 (range 27-84),

while the mean age for women was 65.4 (range 30-85) (p= ns).

Referral Pattern within Ireland

The Unit provides a tertiary referral service for almost every hospital in Ireland. The

referral pattern from the 8 Irish Health Boards and for greater Dublin is outlined below.

[]

[]

[]

[]

[]

[]

[]

Figure 3 I. Referral pattern for oesol)hageal cancer I)y the g Irish Health Boards and I)ublin.
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Increasing Referral with Time

The increasing referral is demonstrated in Figure 3.2. As only 85 percent were considered

for resection a further 15 percent were referred for evaluation and underwent a variety of

alternative procedures from chemoradiotherapy to stenting to supportive therapy.

Figure 3.2. Number of oesophageai resections performed each year from 1971 to

1994.
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Tumour Type

There were 363 (52 percent) squamous

tumours 315 (45) adenocarcinomas, and 17

(2) had other histological types (Table 1 ).

Data is lacking on 5 patients. When post-

cricoid and pharyngeal tumours were

excluded there was a slight preponderance of

adenocarcinomas over squamous tumours -

315 compared with 302.

Table 1. Tumour Types

Squamous Carcinoma
Adenocarcinoma
Other Tumours

Adcno+squamous
Adcnocystic
Adenoid cystic
Aden osquam ous
Basah)id
Carcinoid
Colloid
I.ymphoma
Malignant Melanoma
Small cell
[ lndiffcrcntiatcd
Unknown

Total

363
315

l
3
1
1

-)

1
l
1
1
4
1
5

700

Tumour Stage

Tumour stage was analysed excluding

patients who had a PLO or pre-operative

chemoradiotherapy (Table 2). Eighty

percent of patients with adenocarcinoma

had positive lymph nodes compared with

52 percent squamous tumours

(p< 0.0001, Kruscall-Wallis test).

Table 2.

Stage Adeno (%)

l 5 (2)

2a 46 (18)

2b 7 (3)

3 169 (67)

4 25 (10)

Total 252

Tumour Stage

Squamous(%) All (%)

2 (0.8) 7 (1)

125 (52) 178 (35)

9 (4) 17 (3)

94 (39) 271 (53)

11 (5) 39 (7)

241 493

Tumour Location

Tumour location is detailed in Table 3, with percentage of total in parenthesis. There was

a predominance of adenocarcinomas of the cardia and lower third, while sqtmmous

tumours predominated in the upper, middle and lower third. When tumours of the cardia

and post-cricoid region were excluded the difference between sites remained significant

(p<0.0001 )
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Table 3. Tumour Location by Type

Adenocarcinoma Squamous Other

l,arynx, post-cricoid, pharynx 0 61 (9) ()

Upper third 2 (-) 25 (4) 0

Middle third 24 (3) 144 (21) 5 (I)

I.owcr third 157 (22) 126 (18) 13 (2)

Cardia 131 (19) 7 (I) 3 (-)

Multilbcal 1 (-) () 0

Total 316 363 20

All

61

27

173

296

141

1

700

Risk Factors

The chief risk factors fbr both adenocarcinoma and for squamous carcinoma were

cigarette smoking and alcohol consumption (Table 4). While the data for

Table 4. Aetiological Risk Factors for Carcinoma

Cigarc~c smoking
Adenocarcinoma Squamous carcinoma
Never 99 (31) 70 (19)
Smoker 175 (51) 138 (58)
~:20 93 93
2(1+ 10 12
pipe 12 8
t:.x-smoker 43 25

Unknown 58 (18) 82 (23)

Alcohol consumption None 89 (28) 97 (27)

Drinker 153 (49) 144 (40)
Avcragc 145 131
I leavy 8 11

[lnknown 73 (23) 85 (33)

(;astrooesophagcal reflux
Barretts mucosa

Coeliac disease
Candidiasis
Achalasia
Previous carcinoma

t’rcvious gastric surgery
Previous cholecystectomy
Peptic ulccr history

Gastric ulccr
Duodcnal ulccr

l,aryngcal
Breast
Skin

13 3

3 0

1 3
() 2
() 2
() 1
() 4
() 3

3

6 5

1() 5

3 ()
7 4
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these risk factors are probably incomplete due to underreporting, the incidence of smoking is

higher than would be expected for an age matched population. In patients with

adenocarcinoma, Barrett’s oesophagus and reflux were more frequently documented but

because of the retrospective nature of this and other potential risk factor data detailed analysis

was not performed.

Changes over Time

The rate of change of a number of risk factors with time was examined by linear regression

calculating the change in age and the change in the proportion of males, in the proportion of

tumour type and tumour differentiation (Table 5). The years of the study were coded 1-24 to

correspond with the years 1971 to 1994.

Table 5. Changes over Time

Factor

Age

Sex(Male)

Tumour type

Adenocarcinoma 35.2

Squamous Ca. 66.6

Tumour Differentiation

Well diff. 27.6%

Mod. Diff. 15.8%

Poor diff 32.2

Intersection Coefficient of change p value

59.7 0.27 0.01

56.7% 0.51 0.25

0.68 O. 13

-1.03 0.02

-0.96 0.0001

1.66 0.001

0.09 0.40

The slope, - the coefficient of change - corresponds with the annual change in age or percentage

of the relevant factor. The chief findings were a slight but significant increase in age over the time

period (p=0.01). There was a slight increase in the proportions of males which was not
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significant (p=0.25). There was a significant reduction in the proportion of squamous tumours

(p=0.02) and a corresponding increase in adenocarcinomas which fails to achieve significance

(p=0.13). There was a reduction in well differentiated tumours (p=0.0001) and a corresponding

increase in moderately differentiated tumours (p=0.001) while the incidence of poorly

differentiated tumours remained unchanged (p--0.4).

Operative Approach

The operations performed are detailed in

Table 6, the rationale for which is outlined in

the Methods section. There was a trend to

increased 3-stage resections from the mid

1980"s but increased incidence of troublesome

peri-operative pulmonary complications, and

recurrent nerve palsy has resulted in a recent

reversal of this trendindependent of the

multimodality trial.

Table 6. Operative Procedure

1,cwis Tanner 249

3-Stage 173

Abdominal and left chest 144

Pharyngolaryng~)csophagcctomy 73

Transhiatal 22

Gastrectomy with Roux-cn-Y 8

Colon transposition 3

Thoracoabdominal 1

No resection (Intubation) 11

l Jnknown 15

Complications

The chief in-hospital complications are outlined in Table 7. Respiratory complications

occurred in over 40 percent of patients. Respiratory failure required ventilatory support in

62 (10). This proved fatal in 27 (4). Aspiration was a problem mainly in patients with

cervical anastomosis; 7 of103 (4) 3-Stage and 2 of 22 (9) transhiatal operations, but only

in 3 of 249 Lewis-Tanner (1.2) and 1 of 144 (0.6) abdominal and left chest operations.
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Table 7. Complications

Respiratory compfications

Pneum¢mia 166

Effusion 66

Respiratory thilurc 62

Pneumothorax 17

Aspiration Pneumonia 14

Pd~l)S 7

Bronchopleural fistula 3

Bronchooesophagcal fistula 1

Cardiac Complications

Arrhythmia

Pulmonary cmbolus

Congestive cardiac thilurc

Cardiac arrest

Myocardial inthrction

Cerebrovascular accident

Specific complications

Anastomotic leaks

Post operative haemorrhage

Chylothorax

Recurrent nerve palsy

104

18

17

14

10

5

42

24

8

17

Anastomotic Leaks

Anastomotic leaks occurred in 42 patients (7 percent). The mortality following a leak was

62 percent. There was a slightly higher leak rate following the Lewis-Tanner operation-

19 of 246 (8 percent) of which 13 were fatal, compared with 5 of 173 (3 percent) leaks

following 3-stage resection of which 4 were fatal, and with the abdominal and left chest

operation where 5 of 143 (4 percent) leaked of which 2 were fatal. There were 3 of 22

(14 percent) leaks following transhiatal resections of which 1 was fatal.

Chylothorax

Chylothorax occurred in 8 patients with a hospital mortality in 5 patients. Three occurred

following 247 Lewis Tanner operations ( I percent), 3 following transhiatal operations ( 14

percent) and 1 following 173 three-stage operations (1 percent). The final chylothorax

occurred in a patients with a colon transposition.
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Recurrent Nerve Palsy

Recurrent nerve paralysis occurred in 17 patients with a hospital mortality of 18 percent.

Fourteen followed 3-stage resections (8 percent), 2 following Lewis Tanner operations (1

percent) and 1 of 22 transhiatal resections (5 percent).

Haemorrhage

Severe post-operative haemorrhage occurred in 24 patients with a hospital mortality of 54

percent. All but 1 required reoperation.

90 Day Hospital Mortality

The 90 day hospital mortality was 17

percent. When PLO’s are excluded the

mortality was 15 percent, and for the last

100 it was 11 percent. Risk factors for

mortality are detailed in Table 8. Only

age and operative procedure had a

significant effect on mortality. Turnout

length, tumour stage and resection

margin involvement had no influence on

90-day hospital mortality. The cause of

death as recorded in the patients notes is

detailed in Table 9. Respiratory and

Table 8. Hospital Mortality and Risk Factors

Age

90-day Hospital Mortality
Yes        No     p

20-30 0 1

30-40 0 12

40-5(I 3 (8) 35

50-60 18 (15) 10(1

60-70 30 (12) 20

70-80 39 (2(0 152

80+ 9 (40) 12

Male 56

Fcmale 43

Operation Type
3-Stage       22
Lewis Tanner 46

Abdomen &

left chest 16

Transhiatal 7

Tumour Type
Adcnocarcinoma 50

Squamous 45

(15) 325

(18) 197

Stage

" O.1)()02

(131     151

(19) 2(Jl

0.28

(111 128

(33) 14 11.02

(16) 261

( 161    244 ns

Stage 2 34 (15) 193

Stage 3 45 (16) 239

Stage 4 7 (18) 33 O.86

anastomotic causes accounted for the

majority.

57



Table 9. Causes of Death in Patients with a Hospital Mortality

Respiratory failure

Anastomotic leak

Haemorrhage

Myocardial infarction

Arrhythmia

Pulmonar3. cmbolus

Sepsis (~ithout leak. ctc )

27 Cardiac failure

18 Ch~lothorax

8 Subphrcnic absccss

6 Renal failure

5 Gastric necrosis

5 Malignancy

5 Unclear

Total

2

2

2

2

1

4

12

99

Cause of death as recorded in patients notes. These may not always have bccn accurate or complete but

cause was clear in most cases and chart data was often the only inlbrmation available.

Long Term Survival

The 1, 2, and 5 year survival rates for adenocarcinomas were 37 percent, 22 percent, and 8

percent respectively while fbr squamous tumours it was 36 percent, 24percent and 10 percent

(p=ns; logrank analysis)(Table 10a, 10b). When the 90 day hospital mortality is

,4denocarcinoma

Survi~al
Probability

1.00

0.75 I

0.58 -

0.00 !
0

Negativ9 nodes
’ Positive ,,~oc~e@

p 0.009

24 48 72 96 120 144 168 192 216 240

Kaplan-MP.ier Survival Curve

Figure 3.3 Survival curves fi;r adenocarcinoma showing a survival advantage fiw node negative

disease (blue line). Survival is in months
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075

Survival 0.50Probability

0.25

0.00

Negative nodes
..... , ,’ Positive nodes

p=O.O001

0 24 48 72 96 120 144 168 t92 216 240
Kaplan-Metew Survival Curve

Figure 3.4 Survival curves for squamous carcinoma showing a survival advantage fi)r node

negative disease (blue line). Survival is in months

Table lOa. Survival following Oesophagectomy

Including 90-day mortafity

Adenocarcinoma

1 3’car 93/250 (37%)

2 vcar 49/226 (22%)

3 )’ear 29/207 (14%)

4 year 16/182 (9%)

5 year 13/168 (8%)

Squamous Carcinoma p.

90/250 (36%) ns

55/226 (24%) ns

321215 (15%) ns

25/208 (12%) ns

19/194 (10%) ns

Table lOb. Survival following Oesophagectomy

Excluding 90-day mortafity

1 year 93/206 (45%)

2 vcar 49/185 (27%)

3 )car 29/168 (17%)

4year 16/148 (11%)

5 )ear 13/134 (10%)

90/211 (43%) ns

55/193 (29%) ns

_,,./i g4 (17°/,,) ns

25/I 78 (14%) ns

191164 (12%) ns

Only patients undergoing surgery for an oesophageal bod~ tumour ~ho did not lla~ e prior adiuxant

chemotherapy or radiotherapy and who did not have a I’I .( ) arc inchidcd
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excluded survival for patients with adenocarcinoma was 45 percent, 27 percent and 10

percent, while tbr patients with squamous cell carcinoma it was 43 percent, 29 percent and

12 percent respectively (p=ns; logrank analysis).

Factors Which Determined Long Term Survival

Factors which correlated with increased survival were tumour stage, lymph node status (Figure

3.3 and 3.4), tumour location and gender (Table I 1 ). Age per se did nor influence outcome

but was linked with sex (see below). Operation type, tumour type, and tumour length had no

significant influence on survival. There was an inverse correlation between number of positive

nodes and duration of survival (r=0.82, p,0.001 )(Figure 3.5).

Wall penetration and lymph node metastases correlated with survival in a progressive thshion

(Table 12a and 12b). Thus, when the wall was not penetrated and lymph nodes were free,

survival at 1, 2 and 5 years was significantly greater than when one or both were positive

(p<0.001).

A denocarcin om a

Survival

Probability

0 HoOes positive
-~ 1 - 3 I’~odes positi~,e
" 4 + Nodes posttive

p -0 0002

24 48 72 96 120 144 168 192 216 2-I0

Kaplan4,1eier Survival Curve

Figure 3.5 Survival curves fiJr adenocarcinoma showino tile influence of numl)er of imsiti~e

nodes on outcome. Survival is in months.
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Table 11. Tumour Factors and Outcome

Factor Odds Ratio Confidence interval p value

Age 2.4 ().62-9.7 (). 19

SexI 0.58 0.35-0.97 0.04

Node positive disease2 0.19 O. 11-0.33 0.001

Nodes 1-32 0.21 0.11-0.41 -0.001

Nodes 4+2 0.13 0.05-0.32 <0.001

Tumour length ( "~6 cm)~ 0.62 0.37-1.04 0.07

Tumour location4

Cardia 1.3 0.65-2.7 0.42

Distal third 1.8 1.0-3.3 0.04

Upper third 1.1 0.2-5.8 0.88

Operation Type-~

Lewis Tanner 0.67 0.37-1.20 0.18

Abdomen & left chest    0.94 0.49-1.81 0.87

l=male versus female; 2=node positive versus node negative disease; 3= tumours>6cm versus < 6cm;

4= versus middle third tumours; 5= versus 3-stage resection.

Effect of Gender on Survival

Using logistic regression analysis the odds ratio for survival for males versus females was

0.51 (Confidence intervals 0.31-0.82; p=0.007) suggesting that females have a significant

survival advantage over males. This persisted at 5 years with an odds ratio of 0.36

(Confidence intervals 0.17-0.78; p<0.01 ).

When the interaction of age and sex was examined using a logistic regression model for

survival at 2 years as a function of age < 49 and sex the odds ratio was 0.18 (Confidence

intervals 0.3-1.18; p=0.17) suggesting an interaction of age and sex with a survival trend

favouring younger females. When spline curves are fitted to the survival ratios for age by

sex there is an increase in survival with reducing age for women but not for men (Figure

3.6).
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Figure 3.6 Spline curves fiw survival probability fiw both sexes.showing an increased survival

for younger females which decreases with age

When seeking factors to account for the survival advantage in females tumour type,

tumour stage and turnout differentiation were compared tbr both sexes. While there was

no difference in tumour differentiation between the sexes (p:0.65) there was a significant

difference in tumour type with significantly fewer females having an adenocarcinoma. 31
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versus 56 percent (p<O.O01) and significantly t~wer having lymph node involvement 50

percent versus 70 percent (p<O.O01).

Table 12a. Survival Correlated with Wall Penetration and Lymph Node

Involvement for Adenocarcinoma

Penetration - + . +
Lymph Nodes - _ + +

P

1 year 14/17 29/40 6/11 58/158
82% 73% 55% 37% <0.0001

2 year 10,/14 17/37 2/I 0 28/140
71% 46% 20% 20% <0.0001

5 year 2/5 4/24 I/5 6/92
40% 17% 20% 7% <0.014

Table 12b. Survival Correlated with Wall Penetration and Lymph Noci-e- ...................

Involvement for Squamous Carcinoma

Penetration - + . +
Lymph Nodes - - + + P

1 year 28/39 57/119 5/9 33/100
72% 48% 56% 33% <0.0001

2 year 19/38 41/113 3/8 10/97
50% 36% 38% 10% <0.0001

5 year 7/21 14/81 0/7 3/75
33% 17(N, 0% 4% <0.0001

Adenocarcinoma: Effect of Barrett’s Mucosa.

When patients with adenocarcinoma were compared with those without there v~as no

diflbrence in stage at presentation or in survival between the groups and this has been

previously documented by Li et al from this unit [42].
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Tumour type

When survival curves for adenocarcinoma and squamous carcinoma were compared the

difference between them was not significant (Figure 3.7).

Adeuocarcinoma ;’ Squamous carcinoma

1.00

075

Survival 0.50Probability

0.25

0.00

Squamous carcinoma
........ Adenocarcinoma

D=0.446

....... .. , <

24 48 72 96 120 144 168 192 216 240

Kaplan-Meier Survival Curve

Figure 3.7 Survival curves for squamuus anti adenocarcinoma showing no difference in

survival between the groups. Squamous carcinoma is in blue. Survival is in months

Resection Margin Involvement

The effect of operative procedure on proximal and distal resection margin positivity is

given in Table 13. Transhiatal and 3-stage resections were associated with the lowest

incidence of resection margin positivity - 0 and 10% respectively - while the Lewis Tanner

and abdominal and left chest operations resulted in positive margins in 27 and 32 percent.

This reflects both the large percentage of patients undergoing palliative resection and crush

artefiact of the distal margins. Lateral margin status had not consistently been reported.

Effect of Resection Margin Status on Survival

When analysed for effect on survival the outcome did not appear to be prejudiced by distal

margin involvement (Table 13). Patients with clear margins and patients with only distal
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Table 13. Resection Margin Involvement: Effect of Operation and Effect

on Survival

Margin involvement status
Operation Prox. Distal Both Unknown Involved Clear
3 stage 11 6 0 3 17 (10%) 153 (90%)
Lewis-Tanner 33 17 8 27 58 (27%) 162 (73%)
Abdo & Left chest 16 15 13 7 44 (32%) 92 (68%)
Transhiatal 0 0 0 0 0 (0%) 22 (100%)

Survival (mo) 12.8 17.5 6.9    10.1 18.5
(n) 69 48 23 64 140 484

90-day mortality excluded
Survival (mo) 15.4 22.7 10.2 14.3 21.3

(n) 57 37 15 43 109 413

margin involvement had a significantly better outcome than patients with positive proximal

margin and patients with both margins involved (p=O.O49:logrank test).

Rare Tumours

For the rarer tumours mean survival was as follows; adenosquamous carcinoma (n=2) 6.5

months, adenocystic (n=3) 19 months, anaplastic (n=l) 5 months, basaloid (n=2) 11.5

months, colloid (n=l) O. 1 months but this was due to hospital mortality, small cell (n=4)

3.7 months and undifferentiated (n=l) 10 months. There are three patients with rare

tumours still alive, one with a carcinoid tumour at 55 months, one with a lymphoma at 54

months and one with a melanoma at 9 months.
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DISCUSSION

The outcome following resection for oesophageal carcinoma is undeniably poor but surger).~

provides the best hope for cure. The reluctance amongst doctors to refer patients for resection

reflects a nihilism which may partly be attributed to the much quoted results of a meta-analysis

by Earlam and Cunha-Melo who reported that the overall resection rate was only 39 percenL

the hospital mortality was 29 percent, and the 1, 2, and 5 year survival rates were 18, 9 and 4

percent respectively tbr surgery [56]. These data were collected over a 25 year period from

1953-1978 when surgical and anaesthetic practice was very different and the complexities of

post-operative care less completely understood. In a more recent meta-analysis by M/.iller et al

[57] the outcome for 76,911 patients operated on between 1980 and 1988 as reported in 130

papers was analysed. The resectability rate had increased to 56 percent with a 90 day hospital

mortality rate reduced to 13 percent with a 1,2, and 5 year survival rate of 56 percent, 25

percent, and 20 percent respectively following surgery. Other explanations for the persisting

nihilism include the fact that many hospital doctors and paramedicals may have a lingering

impression of patients with a stormy postoperative course and view all outcomes according to

this experience.

Adenocarcinomas accounted for slightly more than half of the tumours of the body of the

oesophagus, when the pharynx and post-cricoid regions are excluded. The majority of

current surgery and pathology textbooks still teach that over 90 percent ofoesophageal

turnouts are squamous and that oesophageal adenocarcinoma is rare. This is not so. The

predominance ofadenocarcinoma is not unique to this series but reflects a trend of

increasing incidence ofadenocarcinoma identified both in Europe [I 3-15] and recently in

the United States [11,12]. In the United states the increase in incidence ofoesophageal

adenocarcinoma has outstripped that of all other cancers including lung cancer, malignant
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melanoma and non-Hodgkins lymphoma [12]. Lack of a significant increase in the

incidence in this series may reflect the high base rate at the beginning of the series, ~hich

may have anticipated the trend later observed in the United States and may represent a

levelling off at the present time. Accompanying this trend was a decrease in the incidence

of well differentiated tumours and this trend has been commented upon by others [15].

This has implications tbr management as adenocarcinomas have up to 80 percent incidence

of lymph node involvement compared with 52 percent for squamous carcinoma in this

series. Coupled with a rising incidence of stage Ill and IV tumours [15] it is evident that

the tumours now being referred for resection are associated with a less favourable

prognosis. This trend has already been seen for gastric cancer and has been attributed to a

reduction in incidence of the more favourable distal gastric cancer [12]. The reason for the

increase in proximal gastric and oesophageal adenocarcinomas is unclear. Distal gastric

tumours were linked with primitive preservation techniques which in turn were associated

with nitrosamine production in the stomach from ingested nitrates [20]. Such a link has

not been described for oesophageal cancer. Cheng et al [10] found that where the

incidence was decreasing it was most closely related to increased dietary fruit intake but

where it had increased no clear-cut link, not even alcohol or tobacco, was identified.

The aetiological risk factors identified in this series were dominated by cigarette smoking

and alcohol consumption both for squamous tumours and for adenocarcinoma and this is

consistent with previous reports for squamous carcinoma [16-19]. A further list of

possible individual risk factors was also documented. Patients with adenocarcinoma had

an increased incidence of gastro-oesophageal reflux disease with or without Barrett’s

rnucosa, and also of previous duodenal and gastric ulcers, and previous gastric surgery.
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Few epidemiological studies have evaluated the risk factors tbr oesophageal

adenocarcinoma. The largest such study reported is from Linxian where rates of

oesophageal squamous and cardia adenocarcinoma are amongst the highest in the world

but no strong risk factors tbr cardia adenocarcinoma were identified [115]. In a Canadian

study, however, an increased prevalence of duodenal ulcer and hiatal hernia were noted

amongst patients with adenocarcinoma [116]. The link with Barrett’s mucosa is well

established and this is recognised as a complication ofgastrooesophageal reflux [117]. In

the only case controlled study to examine the subject patients with Barrett’s cancer were

not heavier drinkers or smokers than patients with uncomplicated Barrett’s oesophagus

[16] but the relationship of uncomplicated Barrett’s mucosa with drinking and smoking

has not been extensively documented.

The occurrence of adenocarcinoma in two sets of siblings with Barrett’s mucosa was also

documented and suggests a familial link. While Barrett’s had not been diagnosed there

was a long history of reflux in the sibling with subsequently detected carcinoma. The role

of screening of families of patients with Barrett’s mucosa is unclear. In one series

Jochem et al described five of nine family members with symptoms of gastro-oesophageal

reflux who had Barrett’s mucosa, of whom two had associated adenocarcinoma [118].

Crabbe reported on a series of four of eight fS, mily members with significant gastro-

oesophageal reflux symptoms and columnar mucosa of whom one developed

adenocarcinoma of the oesophagus [119]. Fahmy concluded from experience with four

families that those patients with reflux symptoms and a family history of Barrett’s mucosa

should have screening endoscopy [120]. It has been suggested that relatives of patients

with Barrett’s oesophagus who have gastro-oesophageal reflux may have up to a 50
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percent chance of having Barrett’s oesophagus, and a higher risk of developing

adenocarcinoma compared with patients with non-familial Barrett’s mucosa [118.119]. It

would seem prudent therefore to screen all symptomatic relatives of patients with proven

Barrett" s oesophagus, especially Barrett" s carcinoma.

Carcinoma developed in two patients with Barrett’s while under surveillance. Both

underwent resection but had node positive disease and both died of carcinoma within two

years. This calls into question the time honoured assumption that Barrett’s carcinoma can

be detected at an early stage. It may be that surveillance intervals should be shorter but

others question the value of screening [45]. One of these patients developed carcinoma

within one month of a normal endoscopy and multiple biopsies showing only normal

columnar mucosa. It is possible that immunocytochemical studies of markers such as p53

will identify patients who are at risk with greater accuracy [ 121 ].

Four patients developed adenocarcinoma ha Barrett’s mucosa 4 to 28 years after anti-

reflux surgery. It is not known if these patients had reflux at the time oftumour diagnosis

but it emphasises that anti-reflux surgery does not eliminate the need for endoscopic

surveillance. A number of studies support the view that neither Barrett’s metaplasia nor

the risk of malignancy are altered by successful antireflux surgery. Williamson and co-

authors concluded that after successful antireflux surgery the risk was still 1 in 48 patient

years of follow-up [122]. It is not possible to determine, in this or in our series, whether

high grade dysplasia was present at the time of the antireflux procedure, only to become

apparent later. It is consistent with the views of Thompson et al who suggested that the
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metaplastic epithelium acquires an autonomy, despite the elimination of those factors

responsible for its production [123].

The resectability rate of 85 percent in the current report compares favourably with the

literature and reflects our belief that resection provides best palliation in fit patients with a

reasonable life expectancy, lntubation has a role in many advanced lesions or in patients

with cardiorespiratory disease but is associated with a perforation rate of up to 10 percent

and a hospital mortality rate of up to 25 percent [124]. Following intubation quality of life

is restricted by the need for a semisolid diet. In a series comparing intubation with laser

therapy, no patient had satisfactory swallowing following intubation [125]. The place of

laser therapy remains to be established. While it undoubtedly has a role in certain types of

tunlour not all are suitable and its advantages are mitigated by the necessity for frequent

and repeated procedures (mean 6.6 treatment episodes) to maintain patency [112]. In a

prospectively randomised trial which evaluated three methods of palliation for obstructing

non-resectable squamous cell carcinoma of the mid or distal oesophagus in 27 patients

Reed et al concluded that intubation with an Atkinson tube resulted in greater morbidity

but with best swallowing score and shorter time in hospital than intubation followed by

radiation therapy or endoscopic laser therapy followed by irradiation [126]. The mean

survival was 119 days, 72 days, and 169 days respectively but these differences were not

significant. Swallowing score increased by 2.3 units, 1.8 units and 1.4 units respectively

which again was not significant. They concluded, however, that laser and radiation therapy

with a reduced total dosage of radiotherapy or with a change in ffactionation schedule to

limit treatment time might be the preferred method of palliation.

The choice of operation is governed by considerations of intent - whether curative or palliative,

access, tumour clearance, ease of anastomosis construction, post-operative complications.

quality of life and disease flee survival. For turnouts of the middle third of the oesophagus the

Lewis-Tanner approach was exclusively employed in the early part of this series to be replaced
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in the mid 1980s by the modified McKeown operation. This was influenced by the difficulty in

achieving adequate resection margin clearance with the Lewis-Tanner operation where there

was a 27 percent proximal or distal resection involvement with microscopic turnout. Resection

margin involvement was 32 percent tbr abdominal and left chest operations. It should,

however, be noted that this figure probably represent an overestimation of the actual incidence

of involvement as crushing clamps were always used fbr the distal margins destroying evidence

of clear margins in many instances leading to overstaging. Nevertheless, these figures are

higher than most series where resection margin involvement rates are usually quoted as less

than 10 percent [62,127]. It is rare, however, that resection margins are quoted alone as most

reports combine lateral margin positivity with proximal and distal resection margin involvement

and speak in terms of curative and palliative resection. A review of the literature since 1973 on

Medline on the CD-ROM revealed only tbur papers in which resection margin involvement was

commented on and only two papers in which it was systematically studied. Tam et al [62]

found that a resection margin of 10 cm was essential if margin involvement was to be avoided.

When the in-situ resection margin was less than 5 cm the incidence ofanastomotic recurrence

was 20 percent and when the resection margin was 5-10 cm the anastomotic recurrence rate

was 8 percent. The British Stomach Cancer Group examined the effect of resection margin

involvement of the oesophagus or duodenum following gastrectomy and found a 22 percent

incidence of resection margin involvement [128]. They concluded that resection margin

involvement automatically transferred stage II tumours to stage IVa and that the prognosis was

likewise compromised by failure to achieve a 1 cm margin of clearance. The change in the

operative approach to the three stage resection was rewarded with a reduction in resection

margin involvement to 10 percent. While resection margin involvement may be considered to

represent treatment failure the majority are undergoing palliative resection and of those with

71



margin involvement few required further treatment tbr anastomotic recurrence. It is possible

that resection of the tumour mass, which is known to secrete factors with lymphocyte

suppressive effects, may allow more efl}ctive destruction of residual microscopic disease [129].

Complications occurred in the majority of patients undergoing major resectional surgery and

these were fatal in 15 percent of the present series. The majority of complications were

confined to the respiratory tract. While most patients will develop minor respiratory difficulties

respiratory failure requiring ventilatory support occurred in 10 percent of patients of which

approximately half were fatal. Pre-operative pulmonary function is valuable in excluding

patients with respiratory, compromise but many of the respiratory complications in this series

were not predicted by respiratory function testing or by clinical history and examination. An

incidence of 23 percent of major pulmonary complications was described by Wong’s group

[65] and multivariate analysis identified six factors that predicted these complications. These

were age, mid-arm circumference, FEVI, abnormal chest x-ray, blood loss and palliative

resection. When these were divided on this basis into low, intermediate and high risk groups

the incidence of complications was 3, 17 and 43 percent respectively. Nagawa et al examined

preoperative factors which might predict postoperative pulmonary complications and from 22

factors, identified three as significant; vital capacity, liver cirrhosis and tumour stage [66]. It is

clear that vigilant postoperative surveillance and early intervention, whether by mini-

tracheostomy, continuous positive airway pressure ventilation (CPAP) or intubation may be

required to salvage the situation once respiratory complications become established.

Forty two (6.9 percent) anastomotic leaks occurred in the series which compares with a range

of O to 53 percent in the literature [57,130]. The cause of anastomotic leak is difficult to

identify from a database such as this as subtle differences between patients that leak and those
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that do not are not always apparent before or at the time of operation. Dewar reported a leak

rate of 17 percent in 165 patients and described a relationship with intraoperative blood loss.

running suture technique~ and delayed gastric emptying [67]. Lee et al reported a leak rate in

352 patients of 27 percent [68]. The most significant risk factors identified were the

retrosternal or subcutaneous route over the posterior mediastinum, the use of colon instead of

stomach, manual anastomosis over mechanical, and end-to-end over end-to-side anastomosis.

Of this group 21 died, 20 underwent repair and 53 healed spontaneously. Wong’s group tbund

that 53 percent of their anastomotic leaks could be attributed to technical factors [65]. One

large review found no difference between one or two layer technique, the leakage rate being

about 12 percent in both [57]. Again it did not seem to matter whether the anastomosis was

handsewn or stapled, the leakage rates were 11 percent and 13 percent respectively. The

leakage rate was higher, however, when non-absorbable suture material was used than when

absorbable material was employed. While the leakage rate following cervical anastomosis is

higher, the mortality rate from a cervical leak is one third that of leakage from an intra-thoracic

anastomosis so the overall result of the two procedures is similar [57]. Bardini reviewed the

literature on anastomotic leakage and concluded that performing an anastomosis was a

technical matter independent of the patients biological situation which "frequent" oesophageal

surgeons can learn from previous experience and avoid technical errors, an opportunity denied

the casual oesophageal surgeon [ 131 ]. In this series all operations were carried out using the

same single layer interrupted linen technique. Preoperative albumin level did not predict leak.

Per-operative blood loss was not recorded but two of those who leaked had post operative

haemorrhage requiring reoperation. One factor which emerged and which has not previously

been indicted is the use of continuous positive airway pressure mask resulting in gastric
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dilatation. This was considered to be a significant factor in four patients. The risk was not

obviated by nasogastric tube which may have kinked or become occluded.

The slight difference in leak rates between cervical and thoracic anastomosis (4.1 versus

6.1percent) may reflect ease ofanastomotic construction in the neck. Anastomotic leaks in

the chest are reputed to carry a poorer prognosis than leaks in the neck as they may be drained

with a reasonable hope of recovery but this was not our experience. In this series 15 of 24

intrathoracic leaks (63 percent) were fatal compared with 5 of 8 cervical leaks (63 percent). In

a review of anastomotic leakage and its consequences Bardini et al found that anastomotic

leaks are more frequent in the neck and the related mortality was similar [131].

Chylothorax occurred following 8 resections, of which 5 had a fatal outcome. This occurred in

1 of 172 three stage resections, 3 of 245 Lewis Tanner operations, 3 of 19 transhiatal

resections and 1 of 2 colon interposition grafts. In a review ofchylothorax Bolger et a/found a

significantly higher incidence following transhiatal resection than following thoracotomy

suggesting that uncontrolled lateral resection may play a role in its development [68]. Five of

the 8 patients died in hospital indicating the seriousness of this occurrence. One patient who

was reoperated on within 48 hours had lost 12 litres ofchyle in this interval. A cirrhotic liver

was diagnosed at post-mortem. Few centres develop a large experience with this problem, the

largest Western series contains only 11 patients. While conservative management is advocated

for children with congenital chylous fistulae [132,133] others including Orringer advocate

operative intervention in all and reported no mortality and only one recurrence in 11 cases

[134]. Many authors recommend a staged approach depending on response, with drainage

abandoned if more than 1 litre per day or 1.5 litres for 5 consecutive days or if there is
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persistent drainage for two consecutive weeks [135,136]. It is now our policy to reoperate as

soon as the diagnosis is made as delay leads inexorably to immune compromise and death.

Haemorrhage was a serious post-operative problem requiring reoperation in 24 patients. The

mortality rate following serious bleeding was 54 percent (13 patients). Four died directly from

the bleed, 2 died of respiratory failure, 2 of renal failure due to shutdown, 2 following

anastomotic leaks to which ischaemia probably contributed, 1 following a cerebrovascular

accident, 1 ofmultiorgan failure secondary to sepsis and 1 of cardiac failure. The most frequent

source of bleeding in this series was from the thoracic cavity from an aortic branch to the

oesophagus. Meticulous attention to detail is obviously required and this extends beyond

surgical craft to embrace potential contributing factors such as ensuring that the patient does

not become hypothermic, a contributing factor in at least 4 of these patients.

Recurrent nerve palsy occurred in 17 patients (2.8 percent) and in 15 resulted from a cervical

dissection. This was associated with greater post-operative respiratory morbidity, 3 of which

proved fatal. The cause of death was respiratory failure in two and anastomotic leak in one.

This latter problem was a direct consequence of the use of CPAP with gastric distension

resulting in anastomotic disruption. Ten of the 17 patients developed respiratory failure

requiring respiratory support attributed to the inability to cough productively or to adequately

protect their airways in the post-operative period. The risk of recurrent nerve palsy tbllowing

cervical dissection is high with over 20 percent of Akiyama’s patients developing permanent

nerve palsy following 3 field lymphadenectomy [62] while Orringer has described a 37 percent

incidence in patients undergoing transhiatal resection for achalasia [71 ].

The overall hospital mortality rate over the past decade for tumours confined to the oesophagus

was 15 percent (resection rate 85 percent). For the last 100 in this series, however, it has fallen

to 11 percent which compares with 13 percent from the collected literature of the decade
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(resection rate 56 percent ). Single figure mortality rates are regularly quoted from the Orient

[57] where the mean age is younger, severe cardiorespiratory disease is less frequent and the

incidence of early tumours is greater [137]. These figures have proved more illusive in the

West. The operative mortality for 3107 resections pertbrmed in 50 thoracic units in the UK

between 1980 and 1983 was 14.2 percent and this was suggested as a guideline for acceptable

mortality rates in the West European patient [72]. The reduced mortality rate in the latter half

of the series is attributed to greater attention to audit of outcome which led to alterations in

surgical and anaesthetic technique. The most significant changes are felt to be in the role of

aggressive pre-operative chest physiotherapy and respiratory exercises, in choice of operative

procedure, in epidural post operative analgesia, in early extubation and in post-operative care.

Survival at 1, 2 and 5 years was 44, 28 and 11 percent following successful resection and this

compares with 55, 25 and 20 percent tbr the collected world series [57]. The decline in

survival at five years may reflect the more advanced age of our patient rather than any

oncological difference between the groups. Of the factors correlating with increased survival

the most unexpected was with female sex. When spline curves were fitted to the probability of

survival data at each age for both sexes shows that the probability of survival is greatest in

younger females. This may represent a real difference in behaviour of the tumour between the

sexes. Badwe et al have shown that females under 49 years survive significantly longer than

males under 49 or males and females over this age and concluded that the endocrine milieu in

pre-menopausal women may prevent the establishment of micrometastases [138]. The trend

was similar in the current study but just failed to reach statistical significance. Shiozaki et al

[139] in a group of 195 patients found a similar survival difference between the sexes and

identified three factors which appeared to account for this dift~rence. Females had earlier

tumours with a lower incidence of lymph node involvement or adventitial invasion. Even

tumours of similar stage were associated with significantly longer survival in the female.
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Lymphocytic infiltration was more frequent in the t~male carrying an improved prognosis. In

our patient population there was no dift~rence between tumour differentiation between the

groups but there was a significantly lower incidence ofadenocarcinoma (p<O.O01) and a

significantly lower incidence of lymph node positivity between the groups (p=O.O01).

A significant survival advantage was also found for early tumour stage, absence of or few

positive lymph nodes and tumour location. There was an inverse linear relationship between

the number of positive nodes and the duration of survival. No patient with more than 4

positive lymph nodes survived more than 4 years and Huang et al [ 140] has shown from their

large series that no patient with 5 or more positive nodes survived 5 years. Skinner has shown

that when the wall is not penetrated and all nodes are negative the 5-year survival is 15 percent

whereas this falls to 12 percent at 2 years if the wall is penetrated and the nodes involved [54].

Distal resection margin involvement was not a prognostic indicator in this series and some

patients with involved distal margins survived long-term. Mechanical stapling devices

were not used in this series but crushing clamps were used and may have destroyed

evidence of clear margins beyond the pathological margins resulting in overestimation of

involvement with tumour. While the three stage resection was associated with fewer

positive resection margins there was an increased incidence of recurrent laryngeal nerve

injury with resulting aspiration pneumonia and respiratory difficulties. This led to a

reappraisal of the procedure and a dampening of enthusiasm for its use except in proximal

tumours.

There was no overall difference in survival between adenocarcinomas and squamous

tumours, despite the higher incidence of stage 1 and 2 turnouts in the squamous cohort.

This may be explained by the greater survival in patients with adenocarcinoma who had

node negative disease. There is little literature on the survival difference between node

negative adenocarcinoma and squamous carcinoma but Gayet et al have shown that

patients with stage 1 tumours
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In sunmmff, oesophageal resection is associated with considerable post-operative morbidity

especially respiratory, failure. This was the single most important cause of hospital mortality’.

Efforts addressed at improvement in respiratory management may reduce hospital morbidity

and make surgery a more attractive option for patients with an early tumour. Of patients who

leave hospital we can anticipate that half will survive I year, over one quarter will survive 2

years while over 10 percent will survive 5 years. Prediction of survival is currently dependent

on tumour stage but this is imprecise as there is much overlap between outcomes in different

pathological stages. Refinement of staging may allow more accurate prediction of who will

survive and who may need adjunctive therapy. Those who survive lead a relatively good

quality of life and can enjoy a normal diet. Persistence or recurrence of swallowing difficulty is

considered a deep disappointment following such a major surgical ordeal and any therapeutic

manoeuvres short of surgery are to be welcomed. Finally, long term survival must be improved

but surgery alone, regardless of its radicality, is unlikely to have a significant impact on a

disease where the majority have systemic spread at diagnosis. Instead, some tbrm of

locoregional and/or systemic treatment will be required, delivered as neoadjuvant or adjuvant

therapy. As such strategies are expensive a predictive test indicating those likely to benefit

from neoadjuvant or adjuvant therapy is clearly desirable.
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CHAPTER 4

THE ROLE OF VENTILATOR PRACTICE IN POST-OPERATIVE

MORBIDITY

A study 0/the e.[[ect o/ear/y extubation on morhidi(v, mortality and
hospital costs
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SUMMARY

Overnight ventilatory support is standard practice in many units for patients undergoing

oesophagectomy, especially those in whom respiratory problems are anticipated.

Weaning difficulties are not uncommon however and there is increasing evidence that

mechanical ventilation is associated with alveolar trauma. Concerned by the apparent link

between post-operative ventilation and subsequent weaning difficulties and respiratory

morbidity a deliberate change in policy was instituted in January 1990 making early

extubation mandatory in all patients undergoing elective oesophagectomy apart from those

in whom serious perioperative problems were encountered. This study compares two

groups of patients: Group 1 (n--36) were patients who underwent oesophagectomy in the

year prior to the policy change and Group 2 (n=45) were patients who underwent

oesophagectomy in the ensuing year. Both groups were comparable for age, sex and

respiratory risk factors.

Early extubation was successfully performed in 84 percent of patients in group 2

compared with 22 percent in group 1 (p<0.001). Only two patients in group 2 required

prolonged ventilation compared with 10 in group 1 (p<0.005). No patients in group 2

required re-ventilation compared with seven in group ! (p<0.005) and no patient in group

2 required delayed ventilation compared with three in group I (p<0.005). The mean

ventilator time and intensive care unit (ICU) stay were significantly reduced following the

policy change. It is concluded that early extubation following elective oesophagectomy is

an attainable goal and results in significant reduction in costs and morbidity.
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INTRODUCTION

Oesophagectomy is associated with significant respiratory morbidity as detailed both in

this series [Chapter 3] and in reports from other specialised oesophageal units [65,66,141]

Respiratory problems were particularly frequent in patients who were maintained on

prolonged ventilatory support.

relationship is causal or casual.

It is not clear from retrospective studies whether this

Anaesthetic policy on post-operative ventilatory support

varies considerably between units. It has become standard practice in many units to

ventilate patients overnight on the night of surgery on the assumption that this would

"’rest" the chest wall and might be beneficial [142,143]. Many ventilated patients are

difficult to wean [ 144] and tailed extubation is associated with increased morbidity and

mortality [145].

A number complications have been directly attributed to ventilation including pulmonary

oedema, attributed to alveolar barotrauma [146], and over-distension of the alveoli has

been linked with oedema due to volutrauma [147,148]. Subjective evidence suggested

that weaning difficulties in this unit may have been related to an increasing trend to

post-oesophagectomy overnight ventilation. To test this hypothesis a decision was made

that all subsequent patients would be extubated in the theatre immediately post-operatively

or in the ICU shortly after their return. Patients were closely monitored to identify

respiratory compromise or the need for reintubation. This study examined the effect of

such a policy change on morbidity, mortality and hospital stay in patients undergoing

elective oesophagectomy.
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PATIENTS AND METHODS

Patients undergoing elective oesophagectomy underwent a standard preoperative work-up.

Those undergoing oesophagectomy during the period January i~’ 1989 to December 31~l

1980 were arbitrarily designated Group 1 while patients operated on electively fbllowing

the introduction of a policy change to early extubation from January 1 ~t to December 31 ~

1990 were designated Group 2. Patients undergoing pharyngectomy or laryngectomy in

addition to oesophagectomy, or patients undergoing emergency oesophagectomy for

perforation or for bleeding were excluded from this study. All patients, apart from the

most seriously compromised, were required to be extubated in the theatre or on return to

the ICU.

Definitions

Patients who were not extubated by midnight on the day of operation, but were extubated

the following day, were defined as requiring overnight ventilation. Patients who could

not be extubated on the first postoperative day were considered as requiring prolonged

ventilation. Patients who were extubated but required subsequent ventilatory support

were termed the reventilation group. Those who were not ventilated overnight but who

subsequently required ventilation were termed the delayed reventilation group.

Statistical analysis

Statistical analysis was carried out using X2 test for attribute data, Wilcoxon rank sum test

for unpaired, non parametric data and the Student’s t-test for parametric data. Significance

was determined by a p value less than 0.05.
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RESULTS

Between Jan 1~ 1989 and December 31~t 1990 81 patients fulfilled the selection criteria

and were included in the study. In 1989, 36 patients underwent elective oesophagectomy

(Group 1) while 45 patients underwent oesophagectomy in 1990 (Group 2). The groups

were comparable tbr age, sex and respiratory risk factors (Table 1.). In 1990, however,

more patients had a thoracotomy (p<0.001) (Table 2).

Table 1. Preoperative assessment.

Group I Group 2
(n=36) (n:45)

Age 66.1 66.8
Male:female ratio 2.4:1 1.4:1
COAD 16% 14%
Smokers 52% 66%
Cardiac History 16% 13%
FEV1 (mean) 2.08 1/m 2.27 l/m
FEV I/FVC 71% 68%
ASA grade 2.4 2.24
PaO2 (kPa) 11.72 10.72
Albumin 37.0 g/1 34.6 g/l

COAD = Chronic obstructive airways disease
FEV1 = Forced expiratory volume in 1 sec
ASA = American Society of Anaesthesiologists
PaO2 = Arterial oxygen tension

Twenty-eight patients (78 percent) in group 1 were ventilated overnight compared with

seven (16 percent) in group 2 (p<0.001). The mean difference between the pre-operative

oxygen saturation and the first post-extubation reading was similar for both groups (0.35

kPa versus 1.08 kPa; p=O. 18). Only 2 of 45 patients in group 2 required prolonged

ventilation compared with 10 of 36 in group 1 (p<0.005). No patient in group 2 required

reventilation or delayed ventilation compared with 7 (p<0.005) and 3 (p<O.005)

respectively in group 1 (Figure 4.1).
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Figure 4.1    Number of patients requiring ventilatory intervention in both groups.

There was no increase in respiratory morbidity. In fact cardiac complications were signifi-

cantly reduced (Table 3). The mean (s.e.m.) ventilatory time was reduced from 4.6 (1.3)

to 1.1 (0.7) days (p<0.05) and the mean ICU stay was reduced from 9.8 (1.6) to 5.9 (0.8)

days (p<0.05). The mean total post-operative stay was reduced from 22.1(2.6) to 18.5

(2.0) days (ns) (Figure 4.2). The 90-day hospital mortality was also reduced from 16.7

percent in group 1 to 4.4 percent in group 2 but this failed to reach statistical significance

(p=0.07).

Table 2. Operation type.

3-stage oesophagectomy

2 stage (abdomen and chest)

Transhiatal oesophagectomy

Group 1 Group 2.

(N:36) (n:45)

17 21

6 22

13 2
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Figure 4.2. Mean post-operative duration (days) in hospital, ICU, and on a ventilator

Table 3.

Pleural eff-usion

Atelectasis/consolidation

Cardiac complications

Sepsis

Metabolic

Postoperative complications.

Group 1 Group 2 p

(%) (%)

64 62 ns

84 72 ns

44 10 <0.05

20 7 ns

12 3 ns
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DISCUSSION

The concept ot" respiratory support of post-operative patients, while attractive in theo~~ is

probably simplistic in reality and potentially dangerous in practice. It is invasive and

exposes the patient to risks associated with imprecise handling of ventilator settings and

probably has physiological effects as yet ill-understood. Evidence is accumulating that

ventilator-induced pulmonary oedema produces pulmonary changes similar to adult

respiratory distress syndrome [148-150]. Patients who are most likely to receive

post-operative ventilation - those with poor respiratory reserve - may be at most risk of

developing ventilator related complications [ 151 ]. These changes have been attributed

both to direct barotrauma to the alveoli from high pressure ventilatory support [151-153]

and to over-expansion [ 147-149]. Both mechanisms may synergise [ 154]. Hernandez e/al

[148] showed that chest wall restriction limited lung injury induced by high airway

pressure.

Up to 25 percent of patients receiving short term ventilation experience weaning

difficulties [155-158] and these are even more likely if ventilation is prolonged [157].

Depletion of oxidative enzymes in the respiratory muscles, which are critical tbr the

sustained effort of breathing, may occur within the fn’st three days of complete mechanical

ventilation [158]. The more prolonged the assistance the less likelihood ot" successful

weaning. Failed extubation in surgical intensive care patients was associated with a

morbidity rate of 50 percent and a hospital mortality rate of 40 percent in one study [145].

Parameters for successful weaning of ventilated patients examined to date have included

preoperative pulmonary function, age, sex, and history of smoking. None were associated

with the post-operative extubation outcome in patients undergoing cardiac surge~ [159].

Post-operative factors such as vital capacity, minute volume, maximum inspiratory



pressure have all been examined but the predictive power of these tests was poor

[160,161 ] In the absence of reliable pre-operative risk indices, early extubation should be

the goal in all patients. With adequate non-narcotic pain control, intensive preoperative

patient counselling and pre-operative and postoperative physiotherapy, this can be

successfully achieved in the vast majority of cases.

The groups were similar in terms of risk thctors, apart from the types of operation

performed as more patients in group 2 had a thoracotomy. Transhiatal oesophagectomy

was perIbrmed in 13 patients in 1989. This operation is generally accepted as being

associated with fewer respiratory complications and indeed, is advocated as the procedure

of choice in at risk patients [ 162]. This subgroup, however, was not responsible for the

differences between the two years.

Apart from the effect of ventilation on respiratory physiology the financial implications for

routine ventilation are enormous. Even if we disregard the cost of the consumables and

the drugs required to maintain patients on a ventilator the increased costs are significant

[163]. In an audit of costs in this hospital Hill et al [164] in 1992 reported that the cost

per patient per day in the ICU was IR£550.00 compared with IR£130.00 in the ward. The

total saving which resulted from this policy change was IR£1638.00 per patient.

In conclusion, early extubation was possible in the majority of patients tbllowing elective

oesophagectomy, without any increase in respiratory morbidity and produced a significant

reduction in cardiac complications, mean ventilator time and mean ICU stay and this has

significant cost saving implications.
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CHAPTER 5

GASTRIC MOTILITY FOLLOWING OESOPHAGECTOMY

A study ojgastric moti/i(vfolh)win~ oesophay, ectomy and the £,[]ect q[ervthromvcin.
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SUMMARY

The motility of the denervated interposed stomach has been incompletely studied

following oesophagectomy. Three studies have suggested that the interposed stomach

acts as an adynamic conduit. This study examines the effect of denervation and

erythromycin on gastric motility. Group 1 were 10 patients 6-12 months

post-oesophagectomy; Group 2 were 6 normal controls. Fasting, fed and

post-erythromycin (8 mg/kg intravenously) ambulatory gastric manometry profiles were

compared. Videofluoroscopy was pertbrmed following feeding and following intravenous

erythromycin.

No distinguishable manometric wave activity was seen in either group while fasting.

Feeding generated a measurable wave pattern in the patient group only. Erythromycin

produced a rise in mean (s.e.m.) wave amplitude tbr patients [34 mmHg ( 15.1 ) versus

12.2 mmHg (3.1); (p<O.005)] and controls [15.1mmHg(3.4) versus 5(0);(p=0.05)]. Time

to response was shorter in patients (113_+16 secs versus 377_+133 secs) (p<0.05) and the

effect persisted for longer (>1 hour) in patients than controls. Videofluoroscopy confirmed

purposeful motility in both the normal and denervated stomach. It is concluded that the

transposed stomach is a dynamic conduit and the greater motility enhancement in the

denervated stomach suggesting denervation supersensitivity.
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INTRODUCTION

Gastric emptying tbr solids, semi-solids and liquids has been studied in some considerable

detail [94-101,165] but the motility of the post-oesophagectomy stomach has only been

studied indirectly and the results are conflicting [96-99]. While studies that have used

manometry or barium indicate that the stomach acts as an inert tube, emptying only by

gravity [96-98], one study using scintigraphy suggests that the stomach retains its gastric

identity [99].

Erythromycin has a prokinetic effect on many innervated hltestinal organs [166-169] and in

patients with diabetic gastroparesis. This property appears to be shared by all

14-membered macrolides but not by 16-membered agents [169]. The effect appears to be

mediated by binding to motilin receptors on the gastro-intestinal smooth muscle [170,171]

but a cholinergic pathway also appears important [172,173]. Its effect on the motility of

the denervated stomach has not been examined in man.

This study examined gastric motility patterns tbllowing oesophagectomy and vagotomy in

the fasting state, following feeding and following erythromycin injection and compared

them with normal subjects.
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PATIENTS AND METHODS

Study Groups

Two groups of patients were studied. Group 1 (n=10) were patients who had undergone

oesophagectomy 6-12 months previously with intra-thoracic, posterior mediastinal, gastric

reconstruction using the whole stomach as the conduit. Group 2 (n=6), were normal

volunteers. The study was approved by the Hospitals Ethics Committee and informed

consent was obtained.

Ambulatory Manometry

A two channel ambulatory, solid state recorder (Synectics, Sweden) capable of continuous

measurement for 6.5 hours at a sample frequency of 4 Hz was used. While not ideal tbr

measurement of pressure in a capacitance organ like the stomach, no other device, such as

a number ofbarostats in series, has yet been produced to accurately record pressures. A

silicone sheathed catheter with two microtransducers mounted 6 cm apart (Gaeltec, Isle of

Skye, UK) was connected to this recorder, inserted through the nose into the stomach and

the position verified under x-ray screening. The distal transducer was positioned in the

antrum and the proximal in the body. Recordings analysed, as previously described [174].

Study Protocol

Following an overnight fast the probe was passed between 09.00 and 10.00 hours on the

day of the study. Following relaxation for 30 to 60 minutes recordings were commenced.

Fasting manometric data was recorded tbr a minimum period of one hour. The patient

was provided with a standard meal and the event marker was used to indicate the

beginning and end of the meal which patients were encouraged to finish within a fifteen

minute period. The motility pattern following feeding was analysed tbr a further
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one hour. The patient was then sent to the X-ray department and videofluoroscopy

commenced. The erythromycin infusion (8 mg/kg) was given in 100 mls. of normal saline

over a ten minute period. The event marker was pressed at the beginning and end of the

infusion period and the patient studied for a further two hours.

Videofluoroscopy

Gastric videofluoroscopy was pertbnned in fed subjects one hour after meals, and again

following erythromycin injection. The subject drank 150 mls of dilute barium (250 w/v)

which produced a satisfactory outline of the stomach. All the fluoroscopic examinations

were performed by the same radiologist (DK) on a Shimadzu overcouch tube screening

table. The expirator was fixed at a convenient vertical height from the patient thus

avoiding variation in focal film distance during the examination.

With the image coned on the stomach, first in the erect position and then in the supine

position two minutes of fluoroscopy were recorded using a standard videorecorder.

Following the erythromycin infusion a further two minute period of fluoroscopy was again

recorded in the erect and supine positions. A radio-opaque event marker recorded these

fluoroscopic periods for later analysis.

Data Analysis

Manometric data was analysed for one hour in the interdigestive period, one hour

postprandially and for one hour following erythromycin injection. The threshold for

registration of onset of wave activity was chosen as 5 mmHg. The number of waves

greater than this was recorded, as was the amplitude of the wave and the time to activity

from meal or injection.
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The fluoroscopic images were analysed in two ways. First the recorded video was rerun

and the motility pattern of the stomach assessed. The number of peristaltic waves, the

strength of the wave and the effect of the peristaltic wave, as evidenced by mixing and

emptying, was noted. The function of the pylorus and duodenum was also observed.

Fluoroscopic images were also examined semi-quantitatively using "Mavis" a personal

computer based program (Captec, Malahide, Dublin, Ireland) which enabled the video

image to be processed one frame at a time. The analogue image was digitised and

displayed on a computer monitor where single frames were selected for analysis. The

supine images, which gave a better gastric outline with less patient movement were

chosen. A single minute of video was examined prior to and after the administration of the

erythromycin. The segment selected was judged to be representative.

A single flame was sampled each 6 seconds and the diameter of the stomach measured at

six separate points. Measurements were taken from the outer edges of the barium outlined

stomach and expressed as the number of pixels. Two measurements were made at the

body, the antrum and the pyloric region. The lines corresponding to the measurements

were parallel to each other in each anatomical region. Care was taken to ensure that all

measurements were taken at identical sites pre- and post erythromycin.

Statistical Analysis

Data was compared within groups using Wilcoxon’s Sign Rank test and between groups

using Wilcoxon’s Rank Sum test.
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RESULTS

Ten patients and 6 normal controls were studied. Gastric videofluoroscopic data was

available from five patients and five controls. During the study period all patients and

controls reported some borborygmi following erythromycin injection. Nausea was

reported by 2 patients~ both of whom vomited. No patient suffered from diarrhoea during

or afier the study period.

Fasting Patterns

In the fasting state no distinguishable wave pattern was observed in patients or in normal

controls (Figure 5. l a). For statistical analysis amplitudes were given arbitrary values of 5

mmHg, representing the lowest measurable threshold.

Fed Patterns

Following feeding a regular wave pattern emerged in the post-oesophagectomy patient

group (Figure 5.1b). The mean (s.e.m.) amplitude of the wave was 12.2 (3.1) mmHg

with a frequency of 2.6 (0.2)/min. This response had disappeared within 30 minutes of

feeding in all of the patients. No discernible wave pattern was seen in controls. Again

controls were each assigned a value of 5 mmHg for the purpose of statistical analysis.

Effect of Eqtthromycin

Erythromycin produced a significantly enhanced wave pattern seen in both groups but the

amplitude was greater in patients than in controls (Table 1 )(Figure 5.1c). The mean

(s.e.m.) response time was also shorter in patients ( 113+16 seconds) than in controls

(377+133 sec; p<0.05) and persisted for a minimum of I hour in the patient group but had

disappeared in 4 of 6 controls within 30 min.
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Table 1.    Effect of Erythromyoin on distal wave amplitude in
post.oesophageotomy patients and in controls

Patients Controls p

Wave amplitude

Fasting 5 (0)* 5(0)* ns

p <0.05 ns

Meal 12.2 (3.1) 5(0)*

p <0.05 <0.05

<0.05

Erythromycin 34 (15.1) 16.7(3.9)    <0.05

* Threshold taken as 5 mmHg Wilcoxon’s Sign Rank test

Proximal versus Distal Stomach

Fasting.

In the fasting state there was no difference between pressures recorded by the proximal

and distal gastric transducers for patients or controls.

Figure 6.1.    Motility patterns in controls (upper tracing) and post-oesophagectomy

patients (lower tracing) in the fasting (a), fed (b) and post erythromycin (c) period.
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Following feeding the mean (s.e.m.)amplitude was higher in the distal transducer

[12.2(3.1) versus. 8.4(1.4)] but this difference was not significant for the patient group.

No detectable rise in pressure was recorded by either the proximal or distal transducer tbr

controls.

Erythromycin

Immediately tbllowing erythromycin infusion, the gastric wave amplitude increased and

was significantly higher in the distal transducer for patients [34.0(15.1) versus. 11.8(2.0):

(p<0.05)] and controls [ 15.1 (3.4) versus 9.3( 1.1 ); (p<0.05]. In the patient groups

amplitude remained higher at half hour [42.6(13.5) versus. 17.4(7.6)], and 1 hour

[40.3(12.5) versus 12.3(1.8)] after erythromycin, but these differences Diled to reach

significance. Only 2 of 6 controls were responding at half an hour proximal and distal

amplitudes were not compared.

A transient rise in baseline pressure was seen in 8 of 10 patients following erythromycin

infusion (20+3 mmHg) while it was seen in only one control.

Video fluoroscopy

Fluoroscopy of the stomach following meals revealed aboral peristaltic waves in both the

normal controls and in post-oesophagectomy patients. These waves began in the proximal

antrum and were propagated distally approximately every 25 seconds in

post-oesophagectomy patients and every 35 seconds in controls but there was considerable

variation in both the rate and magnitude in both groups. In controls retropulsion and

mixing of barium with gastric contents was
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Figure 5.2 The gastric outline on videofluoroscopy pre- and post-erythromycin. The

transverse lines were used to measure contraction strength by computer.

seen to occur when the peristaltic wave advanced against a closed pylorus and emptying

occurred when the pylorus opened ahead of the wave. In the patient group a similar

pattern of mixing and emptying was observed at one hour post-prandially but the rate and

magnitude was greater.

Following erythromycin there was a significant increase in the rate and magnitude of each

contraction in the denervated stomach. The wave pattern was organised and progressed

aborally mixing or emptying as before. Thus the function of the antro-pyloric unit was

similar to normal controls except that it was more sensitive to the prokinetic effects of

erythromycin.

There was considerable variation in the anatomical rearrangements. Some patients had a

large dilated stomach in the chest. In some hold-up was seen at the diaphragmatic hiatus.

In others only a slim intrathoracic remnant was seen, sometimes with a larger storage

capacity in the intra abdominal stomach proximal to the antrum. There was also

97



considerable variation in motility patterns with little activity in some while others had

constant milling and emptying.

The mean diameters decreased at all six measured sites following erythromycin in all

patients and controls. The mean diameter decreased in the control group from 36.3 (2.7)

to 28.5 (1.1)(p=0.0463)and in post-oesophagectomy patients from 33.8 (2.3) to 24.8 (3.9)

(p=0.0467) (Figure 5.2).

98



DISCUSSION
While the stomach is most fi’equently used to restore intestinal continuity following

oesophageal resection its function has been incompletely studied. The manometric and

videofluoroscopic findings in this study demonstrate that the interposed stomach functions

as a dynamic conduit. At one hour post-prandially it mixes and empties the food in a

manner similar to the normal stomach. It takes longer, however, to empty completely.

Bonavina et a/[96] examined gastric function following oesophagectomy using

manometry and concluded that "’the transposed stomach acts like an inert tube". Del Poli

et al [97] reporting on x-ray, manometry and scintigraphy findings in 34 patients with

gastric interposition concluded that the transposed stomach was devoid of motility and

that emptying was dependent on gravity. Pandolfo et al [98] studied a similar group of

patients and reached a similar conclusion. In a scintigraphic study of 35 patients, however,

Casson et al [99] concluded that the stomach retained its gastric identity rather than acting

as an inert conduit. No videofluoroscopic studies have been reported.

The effect of erythromycin on motility patterns in the human denervated stomach has not

been described. To date studies have focused on the effects on motility in the innervated

organ or in autonomic neuropathy. In a placebo controlled study by Annese et al [175],

erythromycin increased the amplitude of the antral contractions during the postprandial

study period in normal subjects. While the total number ofantral contractions was not

affected, the contractions could be recorded higher up in the stomach after erythromycin

and antroduodenal co-ordination was significantly improved during the first postprandial

hour. In another study Sifrim el al [176] found that erythromycin increased the number of

antral contractions and the motility index as compared to placebo in both the interdigestive

period and in the postprandial period.
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Peristaltic activity following erythromycin in the patient group was more rapid in onset and

of greater amplitude than in controls suggesting denervation supersensitivity. Only one

other description of exaggerated activity was reported where increased contractile activity

was seen in the gallbladder in patients with autonomic neuropathy [177]. In a study of the

eflbct of denervation in a vagotomised canine model spontaneous phase Ill contractions

tended to be weaker than in normal dogs [ 178]. EM-523, an erythromycin derivative,

induced phase III-like contractions in both groups and the contractility was improved, but

no evidence of exaggerated response was noted. While the literature suggests that

erythromycin has a direct effect on smooth muscle via the motilin receptors, cholinergic

transmission appears to have a role as the effects oferythromycin on the intestine [173]

and on the gallbladder [ 172] are modified by atropine.

Attempts to explok the prokinetic effects of erythromycin have met with variable success.

Intravenous erythromycin did not have a beneficial effect on post-operative ileus in a large

study by Bonacini el al [179]. Some success was reported, however, in patients with

diabetic gastroparesis where abnormalities of interdigestive motility were observed in 40

percent of the patients [180,181]. Intravenous erythromycin shortened the prolonged

gastric-emptying times for both liquids and solids. It is possible that it will work best in

situations where denervation supersensitivity enhances its effects. The obvious limitations

of its role are that being an antibiotic it may result in disturbance of the intestinal flora with

subsequent gastrointestinal upset. EM-523, an erythromycin derivative with prokinetic

effects but without antibiotic properties, has been studied in normal and post-vagotomy

animals [178,182]. Its clinical role remains to be established.

In conclusion, the denervated transposed stomach is not an inert tube but a dynamic

conduit. Erythromycin infusion enhances motility in both the normally innerxated and in
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the denervated stomach but the response appears earlier, is greater and lasts longer in the

denervated stomach suggesting denervation supersensitivity.
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CHAPTER 6

GASTRIC EMPTYING FOLLOWING OESOPHAGECTOMY

A study o J the e!/ect q/pyloroplasty, cisapride and erythromvcin on ~astric emptyin,~
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SUMMARY

Oesophagectomy, necessitating vagotomy, is associated with delayed gastric emptying.

Cisapride and erythromycin have prokinetic effects and both improve emptying of the

innervated stomach. Their eft~ct on emptying of the post-oesophagectomy denervated

stomach is unknown.

The effect ofpyloroplasty, cisapride and erythromycin on the rate of gastric emptyhag was

studied following oesophagectomy using a radiolabelled meal. Oesophagectomy was

associated with marked delay in gastric emptying with 56 percent of the test meal

remaining after four hours compared with 16 percent in age and sex matched normal

controls (p=0.0006). Following erythromycin therapy the rate of gastric emptying

returned to pre-operative control values with only 18 percent of the meal retained at four

hours. Cisapride had no significant effect on gastric emptying with 49 percent of the meal

remaining at the end of the study period. After pyloroplasty 32 percent remained at four

hours (not significant, p=0.065). The half emptying-time in the erythromycin treated

group was 94 (29) minutes which was similar to control values - 54.7 (3.4) minutes

(p=0.257). The half-emptying times in the untreated patients, in the cisapride treated and

in the pyloroplasty treated patients were all significantly elevated when compared with

controls. Erythromycin may have a role in the treatment of gastric stasis following

oesophagectomy or truncal vagotomy.
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INTRODUCTION
Oesophageal resection necessitates complete vagotomy and some degree of gastric stasis

is inevitable [183]. Postoperative symptoms of aspiration, vomiting, postprandial fullness

and heartburn may occur [ 184]. The need tbr a drainage procedure in the totally

vagotomised intrathoracic stomach is controversial [184,185]. Some surgeons perform

pyloroplasty routinely to prevent stasis [ 186,187]. Others argue that the stomach drains

adequately without a pyloroplasty [188-191 ] and that a pyloroplasty may result in

potentially harmful bile reflux [192,193]. There are the added risks of leakage from the

additional suture line, postprandial dumping [194] and diarrhoea [195].

The prokinetic agent cisapride ameliorates delayed gastric emptying in the innervated

stomach [196] but its role in the denervated stomach is less clear. Erythromycin, a

macrolide antibiotic, has prokinetic effects in the large animal [197] and in diabetic patients

with delayed gastric emptying [198]. Intravenous erythromycin increases gastric motility in

the fed state in both the innervated and denervated post-oesophagectomy stomach, but the

response was greatest in the latter group suggesting denervation hypersensitivity[Chapter

5]. The effect of oral erythromycin on emptying of the denervated stomach after

oesophagectomy has not been examined.

This study examines the effect of oesophagectomy on gastric emptying and compares the

effects of oral cisapride and oral erythromycin and pyloroplasty on post-operative gastric

stasis.
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PATIENTS AND METHODS

A study was carried out over a 12 month period. Gastric emptying was examined in

patients who had undergone oesophagectomy and compared with results from normal

controls. Tlu’ee methods of promoting gastric emptying were sequentially examined;

pyloroplasty - perfomled at the time of resection, oral cisapride and oral erythromycino

Only patients who had undergone a three-stage resection retaining the whole stomach

(excluding the cardia) were studied. The stomach was relocated intrathoracically in the

posterior mediastinum. The three-stage oesophagectomy was chosen to evaluate gastric

emptying as this provided the largest and most uniform gastric remnant. All operations

were performed by a single operator using a standard technique [113].

At 3 months after surgery patients were readmitted for evaluation of gastric emptying.

Endoscopy was performed to exclude recurrence of disease and patients with anastomotic

stricture or recurrent tumour were excluded.

Study Groups

Patients were divided into the following groups: group 1 (n=10) were nomlal controls;

group 2 (n=l 6) underwent resection without further adjunctive treatment; group 3 (n=6)

had resection with pyloroplasty; group 4 (n=l 0) had resection and post-operative

cisapride; group 5 (n=6) had resection and post-operative erythromycin therapy

Control data was derived from an age and sex matched group of normal individuals who

had no previous history of intestinal surgery and who had normal endoscopy.

Patients were not used as preoperative controls as luminal obstruction by the tumour might

have produced a ’hopper effect’ confounding the interpretation of gastric emptying.
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Patients did, however, act as self-controls when examining the results ofprokinetic agents

tbllowing surgery.

The effects of the prokinetic agents were examined by studying patients before and after a

three day course of treatment. Cisapride ( 10 mg orally) was given three times daily for

three days with one dose on the morning of the study. Erythronlycin (250 mg orally) was

given three times daily for three days prior to the study with one dose on the morning of

the study.

Test Meal

The test meal consisted of 25g of scrmnbled white of egg labelled with technefium-99m tin

colloid. This meal was smaller than that used in patients with an innervated stomach but

pilot studies revealed excess delay when using a larger meal and such results were difficult

to interpret.

Isotope Study

Following an overnight fast, the test meal was ingested within three minutes, hnaging of

the gastric contents was commenced immediately and continued for four hours at intervals

(ever3, 5 minutes for the first 30 minutes, decreasing to every 10 minutes for the next 30

minutes and every 20 minutes for the next 3 hours). The activity hi the stomach at the first

time interval was set to 100 percent and the later activities compared with this value.

Patients were imaged for 40 seconds with the data accumulated by a 20 percent energy

window peaked at 140 KeV. Anterior and posterior ilnages were obtained at each time

interval with appropriate compensation for the site of the stomach and the distance from

the camera.

106



Three parameters were determined from the data: tile lag time (i.e. the period of time

before activity bega2~ to decrease), the half emptying time (i.e. the time taken for the

activity in the stomach to drop to 50 percent once activity began to decrease) and the

percentage activity remaining in tile stomach at 4 hours. Group mean values were

calculated.

There was wide variability both in the lag times and in the half emptying time in the

post-operative group. For this reason the results are reported both in terms of the

percentage of the meal remaining at 4 hours and half emptying times.

Data processing was performed blindly by ml independent assessor (DH or NO’H) who

was not aware of the treatment limb.

Statistical Analysis

Paired data from the gastric emptying tests were analysed using Wilcoxon’s Signed Rank

test and unpaired comparisons were made by Wilcoxon’s Rank Sum test.
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RESULTS

Patient details are shown in Table 1. In normal subjects the mean (s.e.m.) percent of the

meal remained in the stomach after tbur hours was 16 (6) (Figure 6.1). Oesophagectomy

resulted in a significant delay of gastric emptying with 56 (6) percent of the solid meal

remaining in the stomach at the end of the study period (p=0.0006). In patients who had

pyloroplasty the percentage of the meal remaining in the stomach was 32 (12 ) percent, but

this value was not significantly different from that observed in normal controls (p=0.106)

or from untreated post-oesophagectomy patients (p=0.065).

Figure 6.1 Effect of different therapies {in gastric emptying. Significant delay was seen after

oesophagectomy (p=0.0006) and after cisapride (p=0.007). Erythromyein allowed

normal four-hour emptying.

In the group treated with cisapride 49 ( 1 O) percent of the meal remained after four hours

which was not significantly different from values prior to treatment (p=0.2). It was,

however, significantly different from normal controls (p=O.O07).

Following erythromycin therapy the mean percentage meal remaining at four hours was 18

(9) percent which was similar to normal control values (p=O. 105) and significantly

improved upon values prior to therapy (p<O.02).
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Lag times varied widely in the post-operative groups. The mean (s.e.m.) lag time in the

post-operative untreated patient group was 54 (20) minutes which was similar to control

values, 11.2 (0.9) minutes (p-0.19). These values were also similar to the cisapride

treated group, 73 (22) minutes (p--0.13), the erythromycin treated group, 17.7 (11)

minutes (p=0.13), and the pyloroplasty group, 62 (37) minutes (p-0.22).

The mean half emptying-time in the erythromycin treated group was 94 (29) minutes

which was similar to control values of 54.7 (3.4) minutes (p=0.257). Compared with

controls the half-emptying time in all post-oesophagectomy patient groups was

significantly elevated; in untreated post-oesophagectomy patients the half-emptying time

was 152.7 (17.9) minutes (p=0.0002); in cisapride treated patients the half-emptying time

was 114 (15.2) minutes (p=0.003); and in pyloroplasty treated patients the half-emptying

time was 128 (37.5) minutes (p=0.05).

Table I Details of Patient Groups

Post-oesophagectomy patients

Controls No Ty. Cisapride Erythromycin Pyloroplasty

Number 10 16 10 6 6

Age (mean) 63 66 67 65 65

Male:female 4:6 6:10 4:6 2:4 5:1

Adenocarcinoma 0 11 7 4 4

Squamous Cell 0 5 3 2 2

No ]v= No pyloroplasly or additional treatment to cllhancc gastric emptying

No signilicant dillL’rcncc identified bctv, ccn palicnl gn~ups
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DISCUSSION
Quality of lit} in the post-oesophagectomy patient may be marred by delayed gastric

emptying. This may become apparent in the immediate post-operative period with

prolonged nasogastric drainage and delayed resumption of oral intake. It may assume

greater significance after cervical anastomosis as laryngeal protective mechanisms are

impaired [199] increasing the risk of aspiration [184]. It has been shown that delayed

gastric emptying is a significant risk tiactor for anastomotic leakage following

oesophagectomy [67]. In the longer term patients may be troubled by a sensation of

fullness, foul eructation emd supine regurgitation [95].

In this study pyloroplasty did not significantly improve gastric emptying. Mannell el al

[184], in a prospective randomised trial using a radiolabelled meat meal, found no

difference in gastric emptying in patients with and without a drainage procedure evaluated

at one to three months after oesophagectomy. In contrast, Wong’s group [94] found in a

prospective controlled trial that gastric emptying was significantly enhanced at six months

in the pyloroplasty treated group. A dilute semisolid meal was used to assess emptying

(60 gm oatmeal and sugar in 500 ml water), and this may have overestimated the rate of

emptying as there is considerable evidence to show that vagotomy results both in enhanced

emptying of liquids, due to the loss of accommodation and receptive relaxation [188], and

in stasis for solids due to diminished propulsion [95,200]. While 13 per cent of Wong’s

patients who did not have a pyloroplasty experienced post-operative gastric stasis only one

required re-operation [94].

The failure ofcisapride to influence emptying lnay be related to its mode of action.

Cisapride appears to act principally through enhancing the release of acetylcholine in the

myenteric plexus, although a direct action on gastro-intestinal muscle has been
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demonstrated in-vitro [201]. The relative contribution of either in a clinical setting is

unclear. This study suggests that an intact vagal supply is necessary for its effects. It is

possible that impaired absorption contributed to failure, consequent upon delayed gastric

emptying and compounded by ~bod debris in the stomach. The same conditions, however,

applied to the oral erythromycin.

Er3¢hromycin has long been known to be associated with gastrointestinal side effects, with

tip to 95 percent of subjects who receive intravenous erythromycin experiencing

gastrointestinal symptoms [202], but it was not until 1984 that a direct effect on

gastrointestinal motility was documented [203,204]. It is believed to act as a motilin

receptor agonist [205] the main effect of which is to co-ordinate interdigestive motor

complexes. This effect appears to be blocked by nifedipine but not by atropine suggesting

that they are calcium dependent but not vagally mediated [206] while other effects appear

subject to some vagal input [172,173]. Like cisapride, it is absorbed in the upper small

intestine but while cisapride had no effect erythromycin resulted in significant enhancement

of gastric emptying suggesting that it may also have a local action on motilin receptors.

Numerous laboratory studies have confirmed an effect on gastric motility but few other

reports of a therapeutic role have been published. Two studies found it to be of benefit in

diabetic gastroparesis [198,207]. In the only other report of its use after vagotomy a

patient who had undergone oesophagectomy was reported to have had enhanced gastric

emptying [208].

In conclusion, gastric emptying was significantly delayed following oesophagectomy and

erythromycin therapy was the most effective method of correcting this delay. Its use

should be considered in patients with gastric stasis due to denervation. A short course xvas
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adequate to re-establish normal emptying. In the post-operative period the use of an

antibiotic with prokinetic effects has obvious benefit. A motilin receptor agonist without

antibiotic effects would have a useful role in the long term management of post-vagotomy

gastric stasis. This study did not set out to correlate emptying with symptoms and this is

an obvious focus for further study.
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CHAPTER 7

THE ROLE OF DNA PLOIDY IN PREDICTING SURVIVAL

The role of DNA p/oidy was examined usint~ two techniques and ploidy status

correlated with outcome for patients with a similar stage hut with dissimilar

outcomes.
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SUMMARY

The role of DNA ploidy in the outcome ofoesophageal carcinoma is unclear. Most

studies have employed flow cytometry (FC) tbr DNA analysis but more recently image

analysis (IA) of tissue sections has been examined. In this study aneuploidy rates were

determined by both FC and IA of cell suspensions in stage 2a squamous tumours and

results were compared with outcome in two patient subgroups. Group 1 (n-15) were

patients who died from tumour recurrence within one year of surgery while Group 2

(n=21) were patients who survived tumour free Ibr at least one year.

Aneuploidy rates diflbred significantly between groups I and II as determined by FC (79

percent v 40 percent) (p<0.05) but not by IA (93 percent v 71 percent) (p=ns). Euploid

status was a good prognostic indicator; 6 of 7 (86 percent) patients with euploid tumours

by IA and 12 of 15 (80 percent) by FC (p<0.05) survived more than one year. The

sensitivity and specificity’ ofeuploidy was 93 percent and 28.6 percent for IA compared

with 78.6 percent and 60 percent for FC. Since 33 (92 percent) of these tumours

exhibited a marked peri-tumoural desmoplastic or chronic inflalnmatory reaction IA, being

more sensitive to subtle nuclear change, may be a more appropriate technique than FC for

evaluation of the role ofploidy in such tumours.
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INTRODUCTION.
Pre-operative staging ofoesophageal squmnous cell carcinoma is imprecise. Post-operative

pathological staging shows a good overall correlation with survival but there is

considerable disparity in survival within similar stages. Refinement of prognostic criteria

would allow greater prognostic accuracy and might permit more purposeful adjuvant

therapy or alternative management strategies.

Tumour DNA content has been shown to be an independent prognostic indicator in

invasive carcinoma of the breast [209,210], ovary [211] and in some gastrointestinal

tumours notably the colon [212,213] and stomach [214] and has also been shown to have

a role in predicting response to therapy [215] but its role in squamous cell carcinoma of

the oesophagus is unclear. Some studies have suggested that aneuploid tumours have a

poorer prognosis [216-218] but conflicting and even contradictory findings have been

reported [219].

Most studies ofploidy have relied on flow cytometry (FC) which has speed as its chief

advantage, (up to 20,000 cells can be examined per minute), but suffers from a number of

limitations, the chief of which is that all particles which pass through the laser beam are

measured and contaminating non-tumour cells may dilute small aneuploid populations

masking significant DNA abnormality. Automated image analysis (IA) overcomes this

drawback as cell selection is operator controlled and non-tumour cells can be avoided.

To date no study has compared aneuploidy rates in cell suspensions using both techniques.

This study compared ploidy status, using both IA and FC, with clinical outcome in

oesophageal squamous cell carcinoma.
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METHODS

Study Protocol

The case notes and pathology reports of all patients undergoing oesophageal resection for

carcinoma over a 18-year period in one unit were studied. The study was confined to

patients in whom the outcome of surgery was clearly defined and who had turnouts which

fulfilled the following criteria: 1) squamous carcinoma, 2) well or moderate differentiation,

3) turnout penetration of the wall but not invading adjacent organs, 4) node negative

disease, 5) proximal and distal resection margins clear oftumour, 6) no known metastases

at the time of surgery, 7) treated by surgery alone and 8) archival material fixed and stored

in a similar manner.

Study Groups

Patients were divided into two groups on the basis of outcome: Group 1 (n=l 5) were

patients who survived for more than 90 days after curative surgery but who died of proven

tumour recurrence within one year. Group 2 (n-21) were patients who remained

recurrence free for more than one year. Patients who died from intercurrent illness or

from causes unknown were excluded from the study.

Histological Material

Paraffin blocks with tumour through muscularis propria were selected. A 5u H&E slide

was prepared, from which turnout tissue was separated from necrotic tissue, non-turnout

tissue and haemorrhagic areas. A nuclear suspension was prepared using the technique

described by Hedley et al [220]. A cytospin of the nuclear suspension tbr IA was stained

with Fuelgen.
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Flow Cytomotry

Samples tbr FC were analysed on an EPICS Profile (Coulter) flow cytometer as described

elsewhere [221 ]. kaleuploidy was recognised as the presence of a nuclear population with

a DNA index (i.e. metal channel number of the second population divided by the channel

number of the first population) of 1.20 to 1.80 or 2.20 to 3.0 and comprising more than 10

percent of the population with a recognisable G2/m phase fraction. Stemlines with a

population comprising more than 20 percent in G2/m phase were considered tetraploid.

Tumours that were non-mleuploid were classified as euploid.

Image Analysis

The samples were analysed on a CAS 100 image analyser (Beckton Dickinson) using the

quantitative DNA analysis programme as described elsewhere [221]. Forty spindle shaped

cells (mostly’ fibroblasts) were used as control cells ha each smnple to set the position of the

normal human diploid DNA compliment. Two hundred tumour cells were then analysed

with an emphasis on analysing the cytologically more malignant cell nuclei.

Aneuploidy was recognised in the presence o fa stemline with a DNA index similar to the

range used for flow c3~tometry. Because of the bias inherent in the method S phase and

G2/m phase fractions were not recorded in euploid tumours. Tetraploid tumours were

recognised by the presence of an S phase fraction and a fraction in the octaploid range.

Statistical Analysis

Comparison of ploidy rates between techniques and of survival by aneuploidy

performed using a Chi squared test.

was
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RESULTS

Study Population.

There were 36 stage 2a squamous cell tumours which fiflfilled all of the entry criteria

outlined above and had complete follow-up details available. The patient and tumour

characteristics tbr both groups were comparable (Table 1).

TABLE 1. Patient and Tumour Details

Survived tumour Died of tumour
flee > 1 year < 1 year

(n=21 )
Mean Age (’Range) 61 (48-75) 60 (27-77)
Malc:li:malc ratio 9:12 6:9
Site 13 distal 9 distal

5 middle 6 middlc
3 upper 0 uppcr

(n=15) P
ns

ns

ns

Interpretable Histograms

All 36 samples yielded interpretable histograms on the initial analysis using IA compared

with only 32 of the 36 (89 percent of cases) using FC. The four uninterpretable samples

were repeated with adjacent 50u sections and acceptable histograms were achieved in two

further samples giving a total of 34 interpretable cases. The mean coefficient of variance

by FC was 4.5 percent compared with 6.4 percent by IA.

Incidence of Aneuploidy

IA identified a greater number oftumours as aneuploid than FC (Figure 7.1 ). Aneuploidy

rates were 29 of 36 (81 percent) by IA and 19 of 34 (56 percent) by FC (p<0.05) (Table

2). Two samples uninterpretable by FC were tetraploid by IA. All tumours aneuploid by

FC was also aneuploid by image analysis but the converse did not hold in 20
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TABLE 2.

Aneuploid.
FC
IA

Correlation of Ploidy with Survival

Total Tumou r free
at one year

19 8/20 (40%)
29 15/21 (71’)/o)

Diploid.

Dead at one
year p

11/14 (79%) 0.02
14/15 (93%) 0.11

15 12/20 (60%) .3/14 (21%) 0.02
7 6/21 (29%) 1/15 (7%) 0. II

Euploid (Tetraploid + Diploid)
FC
IA

Tetraploid.
FC 2 2/20 (1o%) 0/14 (0%) 0.34
IA 4 3/21 (14%) 1/15 (7%) ().44

FC 13 10/20 (50%) 3/14 (21%) ().09
IA 3 3/21 (14(%) 0/15 C0%) 0.19

percent oftumours. FC missed aneuploid stemlines in 10 of 34 cases that were aneuploid

by IA. Two tumours that were tetraploid by FC were tetraploid (n=l) and aneuploid

(n=l) by’ IA. The four samples tetraploid by IA were diploid (n=2), tetraploid (n=l) and

uninterpretable (n=l) by FC.

IA identified aneuploidy in 93 percent (14/15) oftumours in patients dying within one year

and 71 percent (15/21) oftumours in patients tumour free at one year (p=ns) while FC

identified aneuploidy in 79 percent (11/14) and 40 percent (8/20) respectively of these

tumours (p<0.05).

[]

I

Figure 7.1 Aneuploidy rates by technique
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Ploidy and Outcome

Results of ploidy analysis by flow cytometry and image analysis were correlated with

clh~ical outconle (Table 2). Euploidy was associated with a favourable outcome which

reached statistical significance when assessed by FC but not IA. The failure of lA

determined euploidy to reach significance was due to the low incidence ofeuploidy as 6 of

7 were alive at one year ofwlaom 5 were disease free. Of the 15 euploid tumours by FC,

12 were disease free at I year while 3 were dead (p<0.02).

Sensitivity and specificity.

Using euploid~ as an indicator of tavourable outcome IA had a sensitivity of 93 percent

and a specificity of 28.6 percent while FC had a sensitivity of 78.6 percent but a specificity

of 60 percent.

Histological Features and Ploidy.

All but one aneuploid tumour (in a patient surviving more than 12 months) had a

prominent desmoplastic reaction. Only 2 tumours failed to show a prominent peri-tumoral

chronic inflmnmatory cell reaction. These were in patients surviving more than 12

months.
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DISCUSSION

While tile majority of studies have indicated that tumour ploidy has a prognostic role in

tumours such as the breast, ovary, cervix, colon and stomach amongst other sites the true

picture is tar from clear. Results in carcinoma of the oesophagus are conflicting [216-

219]. This study, which focused on a well defined pathological group (stage 2a well and

moderate differentiated squamous tumours), fbund considerable disparity in clinical

outcome ranging from death within one year from tumour recurrence in 15 patients to

survival tbr up to 10 years. DNA ploidy status added further refinement to the TNM

classification. Only one of seven patients with an euploid tumour died oftumour

recurrence within one year, five have survived tumour free for 10, 6, 4, 2 and 1.5 years

while one has local recurrence at 18 months.

Matsuura et al using IA of tissue sections found ploidy to be an independent prognostic

variable in all grades of oesophageal tumours [217] and Sughnachi e/al, again using IA of

tissue sections found ploidy to be an independent prognostic factor in early lesions [216].

Kaketani et al, using FC, found that aneuploid tumours had a higher incidence of lymph

node metastases than euploid tumours and this was independent oftumour size and depth

of invasion [218]. They also found aneuploid lesions associated with a higher incidence of

local recurrence. Edwards et al, using FC, found ploidy to be an independent prognostic

variable in tumours confined to the mucosa and submucosa only, but surprisingly

aneuploid tumours were associated with a significantly better prognosis [219]. They

argued that oesophageal tumours, lacking a serosal coat, may be more advanced at a

smaller size than tumours at other sites and furthermore that any prognostic relevance of

aneuploidy in early lesions may be lost in more advanced tumours.
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A striking finding of this study was the high incidence ofaneuploidy ill relatively early

(stage 2a) node negative squamous carcinoma identified by IA. This is considerably higher

than the rates usually quoted tbr squamous tumours of the oral cavity - 44 percent [222]

or the larynx - 48 percent [223] but is consistent with the literature on oesophageal

carcinoma. Matsuura described an 83 percent incidence ofaneuploidy in 77 oesophageal

tumours of all stages and grades [217] and Sugimachi et al reported an aneuploidy rate of

80 percent for mucosal and submucosal tumours [216]. The high aneuploidy rate may

explain the aggressive biological behaviour of oesophageal carcinoma.

Even when superficial squamous cell carcinoma is considered the outlook is not

encouraging. Gayet et al in the largest Western study of superficial cell carcinoma found

that 58 tumours confined to the mucosa or submucosa had a 22 percent incidence of

lymph node involvement and ifmucosal tumours were excluded the incidence of nodal

involvement was 32 percent [224]. Furthermore they found that patients surviving

curative resection had a 5 year survival of only 38 percent overall which fell to 12 percent

when submucosal tumours alone were considered and there was no significant difference

between node positive and negative tumours. They concluded that superficial squamous

cell carcinoma could not be considered an early lesion and an optimistic outlook was not

justified. Other studies suggest that oesophageal carcinoma doubling thne is much shorter

than that of the stomach or colon. Okura el al found an average doubling time of 6.4

months ranging from one month to more than one year [225] compared with an average

duration of two years for the colon [226,227], two to six years for early gastric cancer

[214] and 3 to 10 months for more advanced gastric cancer [228]. It is suggested

therefore that pathological tumour stage is a static reflection of malignant status ,~vhile

tumour ploidy may be a more accurate reflection of malignant potential.
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There was a poor correlation between the incidence ofaneuploidy as detected by the two

tectmiques with a rate of 81 percent by IA and 56 percent by FC. This is the first study to

compare both techniques in oesophageal carcinoma but the findings are consistent with the

current literature where rates of between 48 and 75 percent are usually described when

using FC [219,229,230] but rates of 80 to 97 percent are more usual when IA has been

used [217231,232]. This disparity probably reflects the marked ’~diluting effect" of the

desmoplastic mad inflan~natory cell reaction which occurs in epithelial tumours. The

presence of such reactions was confirmed in 92 percent oftumours in the current study.

Contmninating non-tumour cells cannot be excluded using FC and these non-malignant

components may result in underestimation of nuclear abnormalities. IA has overcome

these lhnitations as only viable mad intact tmnour and control cells are chosen by the

operator for analysis.

While most studies associate aneuploid tumours with a poor prognosis the outlook is not

necessarily grim as 35 percent, 23 percent, 8 percent and 4 percent of patients with an

aneuploid tumour on in,age analysis were alive at 2, 3, 4, and 10 years after surgery in the

present series. This supports the finding by others that radical surgery can improve the

outcome in certain Stage 3 tumours [59,63].

In summary, euploid tumours have a better prognosis than aneuploid tumours in

oesophageal squamous carcinoma. Aneuploidy, however, is not a predictor of poor

prognosis. IA increases the detection ofaneuploidy, due most probably to the diluting

effect ofnon-tumour contaminants when using FC which can be excluded by operator

control using IA. This would seem to hold the key to further studies ofploidy in tumours

which have significant non-tumour contamination.
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CHAPTER 8

THE ROLE OF MULTIMODALITY THERAPY IN IMPROVING

SURVIVAL: A PROSPECTIVE RANDOMISED TRIAL

A randomised trial o/chemotherapy, radiother~q~y and surgery compared with

surgery ahme for carcitloma o/the oe,SOldTa~us
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SUMMARY

Uncontrolled studies suggest that cllemotherapy and radiation therapy prior to surgery

may downstage the turnout and improve survival for patients with oesophageal cancer.

No previous randomised trial has compared multinlodality therapy with surgery alone in

patients with oesophageal adenocarcinoma and only two randomised trials have examined

this strategy in patients with squamous carcinoma.

A prospective randomised trial was undertaken to evaluate the efficacy of two courses of

chemotherapy and 40 Gy radiotherapy followed by surgery with surgery alone for both

adenocarcinoma and squamous carcinoma of the oesophagus. Chemotherapy was given in

two courses during week 1 and week 6 and consisted of fluorouracil (15 mg per kilogram

daily for five days) and cisplatin (75 per square meter of body surface area on the seventh

day). The radiotherapy regimen was 4000 cGy given in fifteen fractions over three weeks,

the first week being concurrent with the first course of chemotherapy. Surgery was

planned tbr week 8.

Ninety seven patients with adenocarcinoma of the oesophagus were randomise& 50

patients were randomised to multimodality therapy limb and 47 to surgery limb. Due to

protocol violations 9 were withdrawn from the multinaodality therapy mad 1 from surgery.

Significant downstaging occurred following multimodality therapy; 55 percent were node

negative compared with 21 percent following surgery (p-0.03). A complete pathological

response occurred in 8 of 41 patients (20 percent) completing treatment. Of patients

completing the treatment protocol the median survival for the multimodality therapy limb

was 16 months compared with 11 months tbr surgery alone (logrank analysis p-0.03).

At 2 years 44 percent (12/27) in the multimodality therapy linab and 26 percent (8/30) in

the surgery limb are alive.

125



Twenty nine patients with squamous carcinoma were randomised to multimodality therapy

and 32 to surgery. Significant downstaging occurred following multimodality therapy: 79

percent of patients in this group were node negative versus 42 percent following surgery

alone (p=0.01). Complete pathological response occurred in 9 of 25 (36 percent) patients

completing multimodality therapy.

non-responders (logrank p=0.05).

Complete responders survived longer than

The group as a whole, however, showed no survival

advantage with a median survival of 17 months for multimodality therapy versus 13

months for surgery alone (logrank analysis p--0.28). At 2 years 7 of 12 (55 percent) are

alive versus 4 of 12 (33 percent) of those leaving hospital having completed the protocol.

Multimodality treatment for patients with localised adenocarcinoma of the oesophagus is

superior to surgery alone as measured by the incidence of lymph node positivity, number

ofsterilised tumours, mad survival of patients completing therapy. For patients with

adenocarcinoma there was a survival advantage for the group as a whole. Survival trends

ha the squamous group favour multimodality therapy but a significant survival advantage

was observed only in those patients with a complete response. The incidence of side

effects of the neo-adjuvant regimen were acceptable in the short term. With larger

numbers and longer follow-up this trial should provide a definitive answer to the question

of the role ofmultimodality therapy tbr oesophageal carcinoma.
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INTRODUCTION

Surgery alone tbr oesophageal cancer is associated with a 2 year survival of 25 to 50

percent in European series [233-235], and even better results are reported from Japan

[59,63] while the outcome is somewhat poorer in America [130,236]. The five year

survival rate is in the order of 10-20 percent [57, Chapter 3]. More radical surgery with 3-

field lymphadenectomy has been advocated to improve long term survival, and in the

Japmlese literature the results of radical three field lymphadenectomy is encouraging with

5-year survival rates of 27 to 49 percent in large series [59,63,237,137] but it is felt that

this may be less relevant to Western patients who have a higher incidence of

adenocarcinoma and therefore more advanced tumours, who are older and who appear to

have more risk factors for hospital mortality. Furthermore, radical lymphadenectomy is

only relevant to those patients in whom lymph node metastases represent the extent of

their tumour spread and it is unclear what percentage of the total population this

represents. It is estimated that as many as 70 percent of patients have systemic metastases

at presentation [82-84] so clearly systemic therapy is required if cure is to be effected.

When used alone chemotherapy and radiotherapy have rarely been associated with a

complete pathological response [238,239] and to date there has been no evidence for

enhanced survival for single modality therapy used alone [240]. Multiagent chemotherapy

protocols have been reported to give somewhat better results with 0-10 percent survival

at five years [87]. When patients are treated by radiotherapy alone the best available data

comes from Herskovic’s trial comparing radiotherapy with chemotherapy and radiotherapy

which showed a 2 year survival of only 10 percent [76]. The 2 year survival for

chemotherapy aald radiotherapy in the same trial was 38 percent. No trial has compared

chemotherapy, or radiotherapy or chemotherapy and radiotherapy with surgery alone.

Tile use of "neoadjuvant" therapy prior to surgery is based on tile belief that it may reduce

the incidence of micrometastases, increase resectabiliy, control systemic disease, and
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provide histological material for assessment of completeness of pathological response,

which in turn would guide decisions on post-operative treatment. A large nunaber of

studies have examined the response of oesophageal carcinoma to neoadjuvant therapy in

uncontrolled trials using historical controls [108-110,238-246]. These trials have focused

mainly on squamous tumours but have often included adenocarcinomas without

stratification. They have shown that both adenocarcinoma and squamous carcinoma may

respond to 5-fluorouracil based chemotherapy and radiotherapy regimens. No previous

randomised trial has compared preoperative chemotherapy and radiotherapy with surgery

alone for patients with adenocarcinoma and only two such trials have examined its role in

patients vdth squamous cell carcinoma [92,93].

This study compares the outcome of chemotherapy and radiotherapy followed by surgery

with surge~ alone for both squamous and adenocarcinoma of the oesophagus.
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PATIENTS AND METHODS

In May 1000, a randomised controlled trial was undertaken to compare the outcome of

multimodality treatment, consisting of two courses of 5-fluorouracil and cisplatin and 4000

cGy radiotherapy followed by surgery with surgery alone for both adenocarcinoma and

squamous carcinoma of the oesophagus. These are interim results which examine the

morbidity, mortality and long-term survival.

Inclusion Criteria

All patients presenting with biopsy proven oesophageal carcinonm were considered for

prospective enrolment. Stratification was confined to tumour type with adenocarcinomas

randomised separately from squamous carcinomas, while all other histological types were

excluded.

Exclusion Criteria

Exclusion criteria were age greater than 76 years, distant metastases, carcinoma of the

cervical oesophagus requiring laryngectomy, patients with a leukocyte count less than

3.5X 109 cells per litre and a platelet count less than 100X 109, a serum creatinine

concentration of more then 120 micromols per litre, an ECOG performance status of 3 or

4, patients who had undergone previous chemotherapy or radiotherapy, patients who had

had a previous malignancy (apart from skin cancer), patients who had a coexisting disease

contraindicating surgery, and patients whose social circumstances suggested that they

would be unable or unlikely to comply with the full treatment protocol. The study was

approved by the St James’s Hospital Ethics Committee. Informed consent was obtained

and patients were randomised to receive either chenloradiotherapy followed by surgery or

surgery alone.
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Tumour Staging

Tumour extent was evaluated by physical examination, chest radiography, abdominal

ultrasound, endoscopy of the pharynx, larynx, oesophagus and stomach. Bronchoscopy

was performed where indicated based on symptoms or chest radiography findings.

Computerised tomography was performed in selected patients where chest radiograms or

liver ultrasound were equivocal. Isotope bone scans were occasionally performed where

indicated.

Treatment Toxicity

Mild gastrointestinal toxicity was self limiting nausea or vomiting not requiring treatment;

moderate toxicity was stomatitis or nausea or vomiting requiring medication; severe

toxicity required withholding of treatment or the insertion of a feeding tube to maintain

nutrition; a life threatening complication was bleeding requiring urgent surgical

intervention; and fatal toxicity was a bleed to which a patient succumbed. Mild

haematological toxicity was a reduction in haemoglobin to >11 gm/dl, in platelet count to

9                                                  9

>120XI 0 and a reduction in the leukocyte count to >3X10 ; moderate toxicity was a

9

reduction in haemoglobin to 10-1 l gm/dl, in the platelet count to 100-120X10 and in the

9

leukocyte count to 2-3X 10 respectively: severe toxicity was a reduction in haemoglobin

9                                       ~

to <10gm/dl, in the platelet count to <100XI0 and in the leukocyte count to <2X10.

Hepatic toxicity was considered mild if there was a slight rise in enzyme levels and normal

albumin and bilirubin levels; moderate if an alteration in enzyme levels was accompanied

by a reduction in albumin to 30-35gm/dl with a normal bilirubin level; severe if the bilirubin

level was raised in addition to a reduction in albumin levels. Cardiac toxicity was mild if

transient ECG changes occurred; moderate if transient angina was experienced: severe if

angina persisted after discontinuation of treatment or ifpericarditis developed: and life

threatening ifa myocardial infarction occurred. Renal side effects were considered mild if
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serum creatinine rose to 120-150 micromols per litre, moderate if levels rose to 150-180

micromols per litre and severe if serum creatinine rose to > 180 micromols per litre

Patient Monitoring

Patients were admitted to hospital tbr the entire duration of treatment at the outset of this

study but laterally patients were routinely admitted only for their chemotherapy. Many

received radiotherapy as outpatients provided that they lived close enough to commute to

the radiation therapy facility and were available for weekly monitoring. While on

chemotherapy’ patients were interviewed and examined daily. Haematological and

biochemical studies were carried out at least twice weekly including haemoglobin, platelet

and leukocyte count, measurements of electrolyte levels, serum creatinine, serum bilirubin,

alkaline phosphatase and gamma glutaminetransferase levels. All patients had arterial

blood gas mlalysis and all had pulmonary function tests performed at tile outset and

repeated where deterioration was suspected. Selected patients had echocardiography and

cardiac stress tests.

Treatment Techniques

Chemotherapy

Chemotherapy consisted of two courses offluorouracil and cisplatin. Fluorouracil (l 5 mg

per kilogram per day) was given over 16 hours on days 1-5. This was followed by one day

ofpre-hydration with two litres of 0.9 percent saline.

body surface area) was given over 8 hours on day 7.

Cisplatin (75 mg per square metre of

This cycle was repeated on week 6.

If the leukocyte count fell below 2.5X109, or if the platelet count fell below 100X 109

chemotherapy was withheld until it had recovered. An interruption of more than 2 weeks

was considered a major deviation from the protocol.

Radiation Therapy

All patients were treated on megavoltage-therapy units: Cobalt (Fairy Engineering

SEM100), 4MV (Phillips SL75-5) photons and 8MV photons (Radiation Dynamics
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Dynaray 10). The radiation treatment volume extended 5 cm beyond the proximal and

distal tumour margins as defined by endoscopic and radiological examination, and 2-3 cm

beyond the radial margin. In the early part of the study all patients were treated using

parallel apposed fields (AP:PA). This technique has recently been modified to a three field

arrangement (anterior, right and left posterior oblique fields) in order to diminish the spinal

cord radiation dosage. With AP:PA parallel apposed fields a midline dose of 4000 cGy in

15 fractions was prescribed (267 cGy per fraction). With the three-field technique a dose

of 4000 cGy +/- 10 percent in 15 fractions was prescribed to the entire treatment volume

(267 cGy per fraction) using a computerised treatment planning system (AECL/

Theratronics Yherplan). There was no correction for lung transmission during either

treatment technique.

Patients were hospitalised during the fh-st week of the three-week radiation course to

enable concomitant administration of chemotherapy. Where suitable, patients received the

residual two weeks radiation course as an out-patient procedure, although the potential

requirement for lengthy daily travel to the radiation oncology unit mandated continued in-

patient treatment for the entire three-week radiation for the majority of patients. Patients

were prescribed cimetidine or omeprazole to limit oesophageal irritation where required.

Surgery

Surgery was carried out on week 8 but was delayed if the leukocyte count t~ll below

2.5X109, or if the platelet count fell below 100XI 09. Four operative approaches were

employed depending on the site of the tumour. Turnouts involving the cardia were

resected using a midline abdominal incision and a left chest approach. Tumours of the

lower third were resected using the Lewis-Tanner operation. Tumours of the middle and

upper third were resected using the three stage procedure, first mobilising the oesophagus

through the right chest, followed by a midline abdominal incision and with the anastomosis

in the neck. The stomach was used to restore intestinal continuity and was placed in the

posterior mediastinum. The anastomosis was constructed using a single layer of
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interrupted linen sutures. Following surgery patients were extubated in the theatre or in

the recovery room and returned to the intensive care unit tbr 4 days on average. They

were discharged, on average, less than 3 weeks following surgery.

Data Collection and Statistical Analysis

Patient data was entered prospectively into a database (Reflex) and was analysed using the

logrank analysis and the Cox’s proportional hazard model. Survival is measured from the

date ofrandomisation to date of death or most recent follow-up. Estimates of median

survival are based on the Kaplan-Meier method, while group comparisons of survival tinle

for individual variables are based on the logrank test. Cox’s proportional hazard regression

was used to model survival time as a function of a number of prognostic variables.

Freedman’s method [247] was used to estimate the required sample size to detect an

improvement in 2-year survival of 20 percentage points following chemoradiotherapy over

a baseline survival rate of 23 percent for surgery alone, the survival rate for the unit at the

commencement of the study. With an alpha of 5 percent and a power of 80 percent the

number of patients required was estimated as 190. Early indications of a clinically relevant

treatment difference suggested that an interin3 analysis should be undertaken.
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RESULTS

Demographic data

Between May 1990 and Sept 1994

158 patients were recruited to the

study~ 97 to the adenocarcinoma

lhnb aJld 61 to the squamous limb.

The characteristics of the groups

befbre treatment were sinfilar

(Table 1). Of the 97 patients with

adenocarcinorna 50 were

randomised to receive

chemoradiotherapy prior to surgery

(CRSy) and 47 to receive surgery

alone. Nine patients violated the

chemoradiotherapy protocol and

one violated the surgery protocol

(Table 2). The data was analysed

both with and without this cohort.

Of patients with squamous

carcinoma 29 were randomised to

multimodality therapy and 32 to

surgery. Four patients violated the

protocol and were withdrawn

(Table 2). The data was analysed

both with the protocol violators and

without.

Table 1. Patient and Tumour Details

Adenocarcinoma

Surgery CRSy
Number 47 50
Age (mcdian+rangc) 65(37-75) 65(47-75)
Sex Mule 37 33

Female 10 17
Tumour site

Middle third 2 9
Lower third 23 26
Cardia 22 15

Operation type
Three stage 12 13
l,ewis Tanner 15 13
Abdo & left chcst 16 15
Franshiatal 2 (~
Abdominal 2 2
No operation 0 7

Barrett’s Mucosa 16 15
Squamous Carcinoma
Number 32 29
Age (median+range) 6t~(33-76) 65(41-74)
Sex Male 18 12

Female 14 17
Tumour site

I lpper third 2 3
Middle third 17 13
l,owcr third 11 12
Cardia 2 I

Operation type
Three stage 21 2o
I ,owls Tunncr 7 l
Abdo &lcli chest 4 2
Transhiatal 0 2
Stent ~1 1
No operation 0 3
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--T~nb[e-2. .............. P-a tients-wii/ldra-wn--f0r-P r0ti~.i)i-V-ioiations .............................................

Adenocarcinoma

ChemoRadiotherapy

Sex Age

t’;B F 75

KR M    73

AK M    63

El-’ F 75

WM M 41)

JD M 60

EQ F 71)

Nil I F 74

Trealmenl

No treatment

lrcatmcnt completed

lrcatmcm interrupted

l’rcatmcnt completed

Ircatmcnt completed

Treatment completed

1 rcatmcnt interrupted

I’rcatmcnt completed

Comment FU

I)icd Ibllowing randomisation O
bclbrc trcatmcnt, probable M1

Fatal bleed li’om tumour bed; ()
no tttmour at autopsy

[ Jppcr (iI hacmorrhagc 11
mid-way through treatrnent

Pcrfi)rmancc status deteriorated 3

Developed lung metastases 10

Ml tbllowing completion ofty. 18**

Pcrfi}nnancc status deteriorated 5
during trcatmcnt

Developed lung metastases 2

JR M

Surgery

WT    M

68 Ircatmcnt intcrruptcd

N/A

Squamous Carcinoma

Ch em o R adioth e rapy
MB F 67

MG M 74

PN M 73

PC F 59

Ircatmcnt interrupted

Trcatmcnt compictcd

’lrcatmcnt interrupted

~Ircatmcnt Complctcd

Developed complete dysphagia ()

Iatrogcnic pcrlbration,

dclaycd rcli:rral

Developed lung metastases 8

Rcluscd surgery 18

Pcrlbrmancc status deterioration 2

l)cvclopcd small cell recurrence 2

FU = follow up in months **Completed Ty, alive and well.

Treatment Morbidity

The overall patient acceptance of the regimen was very good with f~w patients reporting

disabling side effects of the chemotherapy or the radiotherapy (Table 3a and 3b). Patient

acceptance was enhanced by the introduction in the early stages of the trial of the
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5-hydroxytryptamine (5-HT3) blocker, ondansetron, which proved very effective against

cisplatin induced nausea.

_ Table 3a ........ Toxicity_ of ChemoRadiotherapy-- Ad.en~,.C.~gma ...................
Mild Moderate Severe Life threatening Fatal

Upper GI 7 4 1 2
Haematological 13 4 1
Hepatic 10 I
Cardiac 1 1 0 1
Renal 1

Number (%) patients with side effects 31 (62 %)
Number who developed metastases on ty 2
Number with severe performance status deterioration 2
Number who had treatment interrupted or delayed 2

See Methods section for definition of toxicity

In the squaar~ous carcinoma linab the toxicity pattern was si~rfilar with few complications

directly attributable to the chemoradiotherapy regimen.

Table 3b Toxicity of ChemoRadiotherapy - Squamous Carcinoma
Mild Moderate

Upper GI 5 3
Respiratory tract 1
Haematological 6 l 2
Hepatic 6
Renal 1 1

Severe Life threatening Fatal

Number (%) patients with side effects 10 (66 %)
Number who developed metastases on ty 1
Number with severe perfo~xnance status deterioration 1
Number who had treatment interrupted or delayed 5

See Methods section for definition of toxicity

Post-operative Morbidity

Post-operative morbidity was similar in both groups. In the adenocarcinoma trial

respiratory complications occurred in 24 patients in the multimodality limb and in 30 of the

surgery limb. Twelve versus 13 cardiac events occurred in the chemotherapy and surgery
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groups respectively. There were 2 anastomotic leaks, 1 recurrent nerve palsy and 1

chylothorax in each group. In the squamous limb 19 respiratory and 4 cardiac problems,

3 post -operative haemorrhages, 3 anastomotic leaks and 2 recurrent nerve injuries

occurred in the multimodality versus 26, 6, 1, 3 and 2 respectively in the surgery limb.

90-day Hospital MoRality

Eighteen patients died in hospital to give

a hospital mortality of I 1 percent. Cause

of death is detailed in Table 4. There

was no difference between the treatment

modalities. Post-operative death could

not be attributed to multimodality

therapy either directly or due to surgical

difficulties as a consequence of the

regimen. Of patients with

adenocarcinoma completing the protocol

4 died in hospital, 3 in the multimodality

limb and 1 in the surgery limb. Of

patients in the multimodality limb 1 died

of multisystem failure following a

anastomotic leak, 1 died following a

Table 4
Code Sex

Adenocarcinoma
(’hemoRadiotherapy

BS M
JR M
JI) M

Hospital Mortality
Age    Comment

47 Post-op haclnorrhagc
63 Chyiothorax
71 Anastomotic leak

ChemoRadiotherapy - t’rotocol violation

JR M 68

KR M 73

SurgeJy
DI. M 75

SutNety- Protocol v/o/at/on
WT M    64

Squamous carcinoma
( ’hemoRadiotherapy

Surgery

BB M 51

JB F 53

VG t" 63

MMcE F 65

IS M 70

eu t:

ED F

FIt M

MR F

FW F

PT M

Sepsis
Pre-op GI bleed

Chylothorax

Multiorgan failure

Post-op hacmorrhagc
Anastomotic leak
Post-op hacmorrhagc
DIC
Anastomotic leak

66 Respiratory lailurc
67 Aspiration, rcsp.

lailure
70 Anastomotic leak
73 Anastomotic leak
74 ARDS
75 I lacmorrhagc

postoperative haemorrhage, and 1 died

41 days following surgery for chylothorax. One further patient in the surgery limb died

following ligation of a major chylothorax leak, partially contributed to by the presence of

cirrhosis, resulting in a high output fistula. Three other patients died in hospital, 2 of

whom had been randomised to chemoradiotherapy and one to surgery. The two

randomised to chemotherapy died as a result of haemorrhage from the tumour bed in a

patient subsequently discovered to have had a complete pathological response, and 1 of
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sepsis following resection of the stomach, having been withdrawn from the study because

he developed complete dysphagia. One patient who had been randomised to surgery,

underwent oesophageal dilatation prior to surgery and suffered an oesophageal

perforation. This presented late and the patient died of sepsis at 27 days followh~g

resection.

In the squamous limb 5 died in the chemoradiotherapy and 6 in the surgery limb. In the

multimodality limb 2 died from postoperative haemorrhage, 2 from anastomotic leak and

one from post-operative disseminated intra-vascular coagulopathy. In none were the

complications considered directly attributable to the chemoradiotherapy regimen, and all

had normal haematological and biochemical indices prior to surgery. In the surgery limb

three patients died of respiratory failure, one of whom aspirated as a result of recurrent

laryngeal nerve injury, two from anastomotic leaks, and one died from post operative

haemorrhage.

Response to Chemoradiotherapy

Stage Surgery CRSy

Adenocarcinoma

0 0 8*
1 2 1
2a 8 17
2b 1 6

3 31 11

4 5 1
I lnknown () 6

Squamous Carcinoma

0 (1 I0’

1 0 2

2a 15 1()

2b 0 1

3 15 3

4 2 3

Unknown 0 2

* Patient with complete response developed

small cell recurrence at 7 months

Ademmarcinoma. Significam

downstaging occurred in patients

receiving chemotherapy and radiotherapy

prior to surgery; 55 percent were node

negative compared with 21 percent

tbllowing surgery (p=0.03) (Table 5). A

complete response occurred in 8 of 41

patients (20 percent) completing

treatment. In no patient did the tumour

appear to progress in a longitudinal or

circumferential direction during therapy

and in no treated patient was the tumour

unresectable, although in some resection

was clearly non-curative as turnout
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extended to the lateral resection margins. Two patients developed metastases while on

therapy. A detailed review of the pre-operative radiographs did not reveal any evidence of

these lesions at the time of recruitment.

Squamous Carcinoma. Significant downstaging occurred tbllowing multimodality

therapy: 79 percent were node negative versus 42 percent following surgery alone

(p=0.01). Complete pathological response occurred in 9 of 25 (36 percent) patients

completing multimodality therapy but 1 patient developed lung metastases during therapy.

Sun,ival

Adenocarcinoma. The median survival tbr the multimodality therapy lhnb was 16 months

compared with 11 months tbr surgery (logrank analysis p=0.016) (Figure 8.1 ). When

hospital mortality is excluded the median survivals were 20 and 11 months (logrank

analysis p=0.006)(Figure 8.2).

Adenocarcinoma

1 O0

075

Survival
O50

Probablhty

O25

000

Multimodality v Surgery

p=O 016

!.

6    12 18 24 30 36 42 48

Kapian-Meter Surwval Curve

,54

Figure 8. I Kaplan-Meier piol of survival fiw palienls lrealed by mullimodalily therapy (red)

versus surgery ahme. Survival is given in months. Logrank lesl: p=0.016

Median survival time in months (as determined by the Kaplan-Meier method) tbr selected

categories of patients within various demographic and clinical factors are shown (Table 6).
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Survival differences across categories were tested by means of the logrank test. Only

tumour margin involvement and stage were significant at the conventional 5 percent level,

but sex and tumour length show evidence of cross category difference with p-values less

than 10 percent.

Table 6.

Characteristic

Survival Measured Against Clinical Factors

n Median Survival p
(months) (logrank)

Age(yrs)
<60 26 15
60-60 42 15
>70 lO 9

Sex

0.10

Male 64 25
Female 23 11 0.08

Tumour Differentiation
Well & rood 42 15
Poor & Undiff 43 14 0.96

Tumour location
Lower third & cardia 34 12
Middle third 43 t 1
Upper third 10 23 0.26

Length
<6cm 28 10
>6cm 55 16 0.09

Margins
Negative 74 15
Positive 13 0 0.03

Stage
O-2a 35 32
2b-4 52 9 0.0009

Preliminary investigation ofdifl’erential survival in each limb by means of Cox’s

proportional hazard regression confirrned that stage was the only significant thctor. As

this was a consequence of treatment it was dropped from further modelling. A non-

parametric spline smoother was used to determine the relationship between survival, lhnb

and age. This clearly suggested a differential survival expectation within each limb as a

function of age categorised as less than or greater than 60 years. The result is expressed
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as a hazard ratio (HR) for the multimodality limb (Table 7) versus the surgery only limb.

It will be seen that in patients under 60 there is a survival difference between the limbs

(HR=0.25:p=0.018) whereas there is no evidence for an effect in the over sixties.

Table7.
Hazard Ratio

Age <60

Age >_60

Cox’s Modelling of Survival by Treatment Limb within Age Groups
Std Error z            p     95% Confidence intervals

0.25 0.14 -2.373 0.018 0.085 - 0.79

0.68 0.22 -1.166 0.244 0.36- 1.28

HR= Hazard ratio.

A denoc arc inoma

1 O0

075

Surwval C 50
Probablhty

O25

qb
: ,. Multimodality v Surgery

!~: ~ (Hosp tai morea ty exc L de,J)
L.~,

p:0 006

,.,, .

0 O0
0    6    t2    18 24 30 36 42 4.8    54

Kapban-Meper Surwvai Curve

Figure 8.2. Kaplan-Meier plot of survival fi)r patients with adenocarcinoma treated with

multimodality therapy (red) or surgery only. Survival is given in months. Logrank test: p=0.0(19

All but 1 complete responders are still alive and well (Table 8). At 2 years, 44 percent

(12/27) of patients in the multimodality therapy limb completing the protocol and

discharged from hospital and 26 percent (8/30) in the surgery limb were alive. When 2-

year survival is examined based on intention to treat and including hospital mortality.

these figures were 12/29 (41 percent) and 8/32 patients alive (25 percent) respectively.
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Squamous carcinoma. The survival difference for the group as a whole revealed no

significant survival advantage |br the multimodality therapy group, with a median survival

of17 months versus 13 months for surgery alone (logrank p=0.288)(Figure 8.3).

Squamous Carcinonm

1 0o

075

Surwval
Probability 0 50

O25

0 oo

~
!], Multimodality v Surgery
~Q
"!;

~%" ..... 1’q

6    12 18 24 30 36 42 48 54
Kaplan-Meler Surv!val Curve

Figure 8.3. Survival curves fiw oesophageal squamous cell carcinoma. Multimodality therapy is

represented by the red line. Survival is given in munths.

Complete responders survived longer than non-responders with a median of 6 months for

non-responders w, hile the median survival for complete responders has not been reached

but is currently 25 months(logrank p=0.05)(Figure 8.4 and 8.5).

Squamous Carcinoma

1 O0
i Completp responders ,/Rest

/Hospital mortality e, cludedj

075

!.

’.!
Surwval 0 50

Probability

025

0 00

p:O 05

0 6    12 18 24 30 36 42 48 54
Kaplan Me~er Survival Curve

Figure 8.4. Survival curves tot oesophageal squamous cell carcinoma comparing complete (red

line) with incomplete responders. Survival is given in months.
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At 2 years 55 percent (7/12) and 33 percent (4/12) are alive following multimodality

therapy and surgery. When 2-year survival is examined based on intention to treat and

includes hospital mortality these figures were 39 percent (7/18) versus 27 percent (6/22).

Squamous Carcinoma

075

Survival

Probabdtt~    0 50

025

000

Stage 0 v All Surgery
(HO’~p~tal modahty e~cludedl

L .....

p= 0 05

! ......................

6 12 18 24 30 36 42 48 54

Kapian-Meler Survrval Curve

Figure 8.5. Survival curves for oesophageal squamous cell carcinoma comparing complete

responders (red line) with surgery only. Survival is given in months.

Table 8. Complete Responders

Adenocarcinoma
,�;~ Age FU

JW M 72 49

AN M 56 3O

PG M 67 23

EC M 48 1()

KW M 64 8

JF M 5O 5
IMcC F 68 5

KR M 73 1

Squamous Carcinoma
PH    F       64      5 I

MT F 72 49

KR F 56 46

JH M 58 27

PMD M 66 21

AG F 67 17
KOC F 61 12

PC F 59 7

MM F 65

Comment
Alixc and x~eli
Alive and well

Alive and x~cll
Ali~c and x~ell
Alixe and well
Ali’~e and well
Alive and x~ell
Died.pre-op bleed

Died pcricarditis.
and nh ocarditis
Alive and x~ell
Alive and x~cll.

CABG
Died. cachexia.
tumour frcc
Alive and x~cll

Alixc and x~cll
Died. rccurrcncc
Died, small cell

ca recurrence
Hospital mort.

Complete responders

Adem)carcim)ma. All but one

are alive and well on follow-up

(Table 6). The exception was a

patient who died from a bleed

from the tumour bed during

treatrnent and an autopsy revealed

no viable tumour. Squamous

carcinoma. The pattern was

different with only 4 patients alive

and well. One died from recurrent

sq UalTIOUS carcinonla.
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O~e died from recurrent tumour which on autopsy proved to be a small cell carcinoma.

Two died ofcachexia within a month of a full work-up which failed to reveal recurrent

tumour. One of these patients died tour and a half years after surgery and had an autopsy

which revealed severe constrictive pericarditis and myocarditis but no evidence of

recurrent tumour.
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DISCUSSION
The majority of trials which have examined the role of adjuvant or neoadjuvant therapy to

date have done so in the context of uncontrolled trials. The use of historical controls is

not very helpful as there is such a range of control data ill the literature that little can be

concluded from these comparisons. Many of the trials have pooled adenocarcinoma with

squamous tumours on the assumption that they have a similar response to treatment. This

assumption is unwarranted. Adenocarcinomas have a higher incidence of lymph node

involvement (around 80 percent versus 50-60 percent for patients with squanlous

carcinoma) and less than 20 percent have a complete response to treatment compared with

40 percent tbr squanaous tumours [108]. And in many reports surgical resection has not

been performed and instead post-treatment staging is based on endoscopic findings or on

oesophageal imaging so response is speculative at best.

This is the first randomised clinical trial to compare multimodality therapy with surgery

alone for oesophageal adenocarcinoma. Patients with adenocarcinoma completing the

protocol had almost a 20 percent complete pathological response rate, a 47 percent

survival rate at 2 years and a survival advantage for the group over surgery alone. The

paucity of trials of multimodality therapy in patients with adenocarcinoma probably reflects

the perception that oesophageal adenocarcinoma is rare and resistant to neoadjuvant

therapy. The dramatic increase in incidence suggests that such trials are a matter of

considerable urgency. The evidence from this study and fi’om non-randomised studies

shows that up to 20 percent of patients with adenocarcinoma have a complete pathological

response to combined chemotherapy emd radiotherapy [108-110,242]. Urba et al

reported an uncontrolled trial of 5 FU as a single agent with 4900 cGy radiotherapy

followed by transhiatal oesophagectomy in 24 patients[244]. Tile median survival was

only 11 months and they concluded that there was no survival advantage but considerable

toxicity with this regimen. Wolfe et al reviewed their experience with preoperative
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multiagent chemotherapy and radiotherapy in 93 patients with adenocarcinoma and

reported a 5-year survival amongst the patients who underwent resection of 25 percent

[108]. Twenty percent of those who underwent resection had a sterilised specimen and

had a 5-year survival of 60 percent (versus 40 percent sterilised specimens and 40 percent

5 year survival for squamous cell carcinoma). Stewart et al reported an uncontrolled trial

ofcisplatin, 5-FU and leucovorin, and concomitant 30 Gy radiation in 24 patients with

adenocarcinoma [109]. The median survival was more than 26 months, compared with 8

months for historical controls. Actuarial survival at 24 months was 76 percent in the

multimodality limb compared with 15 percent in historical controls. Hoffet al treated 39

patients with adenocarcinoma with two cycles of cisplatin, 5-FU, etoposide, leucovorin,

and 30 Gy radiation therapy followed by resection [110]. A complete response to

preoperative therapy was seen in 19 percent. Actuarial survival at 12, and 24 months was

72 and 51 percent. Significantly better survival was associated with adenocarcinoma than

squamous carcinoma.

The results for patients with squamous carcinoma were more modest. Despite a 36

percent complete pathological response rate and a 57 percent survival at 2 years for

patients completing the protocol, there was a survival advantage for complete responders

only. This may reflect a type 2 error. The trial design, which ainled to show an increase of

20 percentage points over the units results for surgery alone at two years, requires 190

patients to provide 80 percent power to demonstrate significance at the 95th percentile.

Only two other trials compared multimodality therapy with surgery alone for squamous

cell carcinoma [92~93]. Nygaard et al reporting on the second Scandinavian trial

described a survival advantage for preoperative radiotherapy over surgery alone and over

neoadjuvant chemotherapy but no added advantage when chemotherapy was given in

addition to radiotherapy [93]. This is in conflict with the results of 3 large prospective

randomised trials which found no survival advantage tbr preoperative radiotherapy

[77,78,248]. One other randomised trial of preoperative radiotherapy suggested a survival

advantage for preoperative radiotherapy [79] but the report provided too little detail.
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however, tbr finn conclusions to be drawn. The only other randomised trial of

multimodality therapy versus surgery alone was that of Launois’ group who reported no

survival advantage tbr two cycles of 5-FU, cisplatin and 20Gy radiotherapy over surgery

alone in 85 patients with squamous carcinoma[90]. It is noteworthy that the

chemotherapy and radiotherapy were given consecutively rather than concurrently,

denying patients the potential benefit of a radio-sensitising effect of the chemotherapy

[249] The dose of radiotherapy would now be considered subtherapeutic, and the

numbers were inadequate to exclude a type 2 statistical error.

Non-randomised trials in patients with squamous carcinoma have all supported our finding

of up to 40 percent complete pathological response but the majority ultimately succumbs

to recurrence [84-86]. Of 55 patients treated with mitomycin C, 5 FU and 30 Gy

radiotherapy, and followed by fi~rther chemo-radiotherapy post-operatively, five patients

had a complete pathological response, and had a median survival of eighteen months [84].

Wolfe et al [108] reviewed 72 patients with squamous cell carcinoma treated by

preoperative chemotherapy and radiotherapy. The 5-year survival of the protocol patients

who underwent resection was 25 percent. Forty percent of those who underwent

oesophagogastrectomy had a sterilised specimen and this subgroup had a 40 percent 5-

year survival.

The role of surgery in addition to chemotherapy and radiotherapy is unclear from the

present study and from the literature. Herskovic el al reported on a trial which compared

chemotherapy and radiotherapy with radiotherapy alone in 121 patients, all but 15 of

whom had squamous carcinoma [76]. Thirty eight percent survived 2 years in the

multimodality limb which is similar to that frequently reported tbr surgery alone. Whether

the survival advantage seen at 2 years in this and in the current study will persist is unclear.

Leichman reported on a study ofCisplatin, 5 FU and 30 Gy concurrent radiation therapy’

and of 21 patients treated, 15 came to operation of whom 5 had a complete pathological

response [90]. The median survival for complete responders was 24 months compared
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with 18 months tbr the group as a whole. Disappointingly, of the 5 patients with a

complete pathological response distant tumour recurred in all between 30 and 60 months

and all subsequently died. It is probable that the benefits of resection are confined to those

patients with residual disease confined to the oesophageal wall or local nodes.

Untbrtunately, these patients cmmot be distinguished from complete pathological

responders by current imaging modalities, inch~ding endoscopic ultrasound [107]

The regimen was well tolerated by the patients and toxicity was low. This compares very

favourably with recent literature [76,108-110,241-246] where up to a 44 percent incidence

of severe complications and 20 percent incidence of life-threatening complications has

been reported [76]. The introduction ofondansetron in the first year of the trial virtually

eliminated chemotherapy induced nausea. There were only 7 instances where treatment or

surgery had to be postponed because of side-effects. While 63 percent of patients

developed some haematological, biochemical or clinical abnormality in all cases renal,

hepatic and haematological indices had returned to normal prior to surgery without

intervention, apart from blood transfusion for anaemic patients. There was one fatal bleed

from the tumour bed in a patient who had a complete pathological response and two other

patients had to be withdrawn from the protocol because of a life threatening bleed. This

represents the effect of both delay in operation and oftumour necrosis and must be

considered a toxic effect of the treatment. One patient with a prior history of cardiac

disease developed a myocardial infarction one week after uneventfully completing his

treatment. He was advised against surgery and is alive and well at 17 months.

It is of some concern that 3 patients developed metastases during treatment. In each case

the pre-treatment imaging was reviewed and did not reveal the metastases. The metastases

were discovered in the final screening betbre surgery which was carried out between two

and three months after randomisation. It is possible that a similar incidence of metastases

would have been discovered if the surgery alone group had routine scanning pertbrmed
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two to three months after surgery. There is, however, some evidence that preoperative

irradiation may promote intramural lymphatic invasion and an increase in abdominal lymph

node metastases [250] but the relevance of this finding remains to be established. Clearly a

pre-treatment indicator of response to therapy is desirable.

Of the patients with a complete pathological response all but one in the adenocarcinoma

limb are alive and well, the exception being a patient who died of complications in hospital.

Of the 9 patients with squamous cell carcinoma who had a complete pathological response

two have died from tumour but in one the recurrent tumour was small cell carcinoma,

which was misdiagnosed as squamous cell carcinoma on the original biopsy, aJl

understandable error with small endoscopic biopsy fragments. Two other patients have

died of cachexia, a post-mortem in one revealing pericarditis and myocarditis resulting in

cardiac failure at 55 months post-operatively. The other patient died ofcachexia 4 weeks

after undergoing a series of hwestigations which failed to detect recurrent tumour. One

further patient who had a complete pathological response underwent cardiac bypass for

severe coronary artery disease, despite a negative history for cardiac risk factors and the

multimodality therapy is under suspicion. These findings of late complications in the

complete responders emphasises the necessity for long term tbllow-up of an adequate

population if the role of multimodality is to be properly assessed.

In conclusion, multimodality therapy followed by surgery provides a significant survival

advantage over surgery alone at 2 years for patients with adenocarcinoma. In patients

with squamous carcinoma a survival advantage was identified only in patients with a

complete pathological response. While direct toxicity was minimal ! 3 of 79 patients ( 16

percent) were withdrawn from the study for a variety of reasons which probably had more

to do with delayed resection and patient selection. More stringent inclusion criteria may
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minimise the latter problem while a predictor of response may allow early resection in

those less likely to respond to treatment. Greater numbers and longer follow-up are

essential betbre definitive conclusions can be drawn from this study. There is sufficient

evidence, however, to suggest that multimodality therapy should be considered in all

patients with tumours confined to the oesophagus and draining lymph nodes, but as yet

this should be provided in the context of a randomised trial.
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CHAPTER 9

THE ROLE OF EGFR AND PCNA EXPRESSION IN PREDICTING

RESPONSE TO CHEMORADIOTHERAPY

The ability m predict re,woudersJ?om staiuiu~, ¢?lpre-/rea/meul cudoscotfic hiop.sy

specimett.~ was examiued usiug immum~c’Vtochemica/ slaiuiuq./or e,~?~ressiou of lhe

markers ~?/cel/,~rowth EGFR am/PCNA
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SUMMARY

The ability to predict which patients are likely to respond to chemoradiotherapy, based on

pre-treatment biopsy assessment would be a major advance in the management of patients

with cancer. This study examined the predictive value of EGFR and PCNA expression in

pre-treatment endoscopic biopsy specimens as an indicator of possible response of

squamous tumours to therapy. A complete response to chemoradiotherapy was seen in 6

patients who had no residual tumour in the resected specimen, 3 had a partial response,

,and 5 patients had minimal response. One patient died in the immediate post-operative

period; 13 patients made a good post-operative recovery and were discharged. Of 9

patients who had a response (complete response + partial response), 5 (55 percent) are

alive a with median survival of 21 months (range, 2-39 months). Of 5 patients who

showed minhnal response, 1 patient is alive. The median survival in this group is 8 months

(range, 3-24 months). If the perioperative death is excluded patients with a partial

response or complete response to chemoradiotherapy had a significant survival advantage

(P = 0.035, log-rank test). Of the 9 patients with a partial or complete response, 8 are

negative for one or both markers (EGFR/PCNA -negative). Of 5 patients with minimal

response, all were EGFR-positive and 4 were PCNA-positive, so that 4 were positive for

both markers (EGFR/PCNA-positive). Of 5 EGFR/PCNA positive patients, 1 had a

partial response. Of 9 patients EGFR/PCNA-negative, 8 had either a partial or complete

response (P=O.02, Fisher’s exact test). The 1 year survival in patients with EGFR/PCNA

negative tumours was 100 percent, compared with 0 percent in patients with EGFR/PCNA

positive tumours. It is suggested that this may help identify patients with oesophageal

squamous cell carcinoma who will respond to chemoradiotherapy.
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INTRODUCTION

Multimodality therapy with cisplatin, 5-fluorouracil and concurrent radiotherapy provides

a complete pathological response in 30-40 percent of squamous tumours as detailed in the

current work [Chapter 8], and in the literature [76,108]. This is expensive, however, and

potentially toxic and entails a delay of 6-8 weeks before surgery which may be detrimental

to patients with unresponsive turnouts. The ability to predict response to adjuvant therapy

from pre-operative biopsy specimens would allow selection of a subgroup of patients likely

to benefit from chemoradiotherapy.

Expression of two cell proteins, epidermal growth factor receptor (EGFR) and proliferat-

ing cell nuclear antigen (PCNA), both indicators oftumour growth potential, has been

shown to be of prognostic significance in some gastrointestinal tumours [251-253]

This study examined the predictive value of EGFR and PCNA expression in pre-treatment

endoscopic biopsy specimens as an indicator of possible response to treatment.
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METHODS

The histological reports from all patients with squamous cell carcinoma entered into the

randomised trial comparing multimodality therapy with surgery alone as detailed in

Chapter 4 were reviewed. Inclusion criteria were patients with squamous cell carcinoma

who had received chemoradiotherapy followed by surgery, sufficient biopsy material from

the orighlal endoscopy and blocks of tissue from the resected specimen. Pre-treatment

endoscopic biopsy specimens from 14 patients who subsequently received

chemoradiotherapy betbre surgery were assessed for EGFR and PCNA expression.

Immunohistochemical Staining

Biopsy spechnens were fixed ha l 0 percent formalin and embedded in paraffin wax.

Five-micron sections were cut from each specimen, the specimens were dewaxed in

xylene, rehydrated through graded concentrations of ethanol, immersed in 3 percent

hydrogen peroxide to block endogenous peroxidase, washed in phosphate buffered saline,

and treated with normal serum before staining to reduce non-specific antibody binding.

Mouse anti-human EGFR antibody (Triton Diagnostics, Alameda, CA) was used at a

concentration of l.5 ~tg/ml and mouse anti-human PCNA antibody (PC-10, Dakopath,

Glostrup, Denmark) at a concentration of 5 ~g/ml. Specimens were incubated in the

primau antibody solution for 24 hours at 4 C, washed in phosphate buffered saline, and

incubated with biotinylated rabbit anti-mouse antibody for 30 minutes. After further

washing, specimens were incubated with avidin-biotin-peroxidase (ABC) complex for 30

minutes, washed in phosphate buffered saline, and stained with 3,3"-diaminobenzidine

tetrahydrochloride peroxidase solution. Meyer’s hematoxylin was used as a counterstain.

Specimens were then examined by light microscopy. Human placental tissue was used as a

positive control for EGFR expression.
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Specimens were assessed by EGFR expression by two histopathologists unaware of the

tumour response to chemoradiotherapy. Each specimen was scored from 1 to 4 by

comparison with normal oesophageal mucosa. A score of 1 indicated staining to a similar

degree as normal tissue, mad 4 indicated intense staining. The two scores for each

specimen were then combined to give a total score of 2-8. Specimens with a total score of

4 or less were arbitrarily designated EGFR-negative (Figure 9. I A); those with a score of 5

or greater were designated EGFR-positive (Figure 9.1 B). Scoring of individual tumour

cells was not perfbrmed as stains on the periphery of one of contiguous cells could be

mistaken for two or more.

For PCNA scoring 1000 tmnour cells in five high-power field views were counted. The

PCNA index was the percentage of nuclei staining positive. A score greater than 40 was

taken as PCNA-positive (Figure 9.2). Tumours were designated EGFR/PCNA-negative if

they were negative for one or both of the markers. Tumours that were both

EGFR-positive and PCNA-positive were designated EGFR/PCNA positive.

Histologic Assessment of Response to Chemoradiotherapy

Resected oesophageal specimens were examined macroscopically for evidence of residual

tumour, then paraffin embedded, stained with hematoxylin and eosin, and examined by

light microscopy. Pathologic classification was made according to TNM staging.

Histologic grade oftumours was also recorded. Response to chemoradiotherapy was

graded as complete response if there was no macroscopic or microscopic tumour detected

in the resected specimen, including resected lymph nodes.

no macroscopic tumour but residual microscopic turnout.

Partial response was defined as

Minimal response was defined

as no apparent change in tumour size or any macroscopic tumour remaining.
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Figure 9.1 Specimens of oesophageal squamous cell carcinoma taken at endoscop~

and staining negative (top) and positive (bottom) for EGFR. Staining is

maximal on the cell surface (arrow).
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Figure 9.2 Specimens of oesophageai squamous cell carcinoma taken at endoscopy

and staining negative (top) and positive (bottom) for PCNA. Staining is

maximal on the cell nucleus (arrow).
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Survival

Survival data was drawn from the departmental database maintained on all patients

operated upon in the department. Survival was calculated from date ofrandomisation,

thus including the 8-week course of adjuvant therapy before surgery. Date of death was

obtained from hospital records or by contact with the patient’s family physician. For

surviving patients, survival was taken up to the date of their most recent out-patient

attendance or their most recent contact with their family doctor. Most patients who died

did so at home or in their local hospital, and because autopsies were not routinely

performed, we are unable to ascertain whether death was due to metastatic disease. For

the same reason we have not attempted to determine disease free survival rates. Mh~hnum

length of follow up to date is 16 months from date ofrandomisation (or to date of death).

Statistical Analysis

Fisher’s exact test was used tbr comparison of qualitative data. Differences in survival

between groups were calculated using a log-rank test for comparison of Kaplan-Meier

survival curves.
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RESULTS

Fourteen patients have been assessed: 10 women and 4 men, with a median age of 63 years

(range, 41-74 years). Six patients had tumours in the lower third of the oesophagus, five

in the middle third, ,’rod three in the upper third {Table I). Tumour length at the time of

diagnosis ranged from 3 to 8 cm, as determined by barium swallow and endoscopy.

Table 1.

Age median (range)
Sex

Patients Grouped According to EGFR and PCNA Expression on
Tumour Biopsies

Lower one third tumours
Poorly difl}rentiated tumours
Median surx~val (mo)
CR + PR

EGFR/ EGFR/
PCNA PCNA

positive negative
(n=5) (n=9)      p*
63(41-68) 63(46-74) ns+
4 f~male 6 ti~male
1 male 3 male ns
0 6 0.028
0 3 ns
7 23 0.0003
1 8 0.023

CR: complete response; PR: partial response; NS: not significant.
Survival is from date of randomisation.
P values refer to Fisher’s exact test unless otherwise stated.
+ Independent t test.

Log-rank test

A complete pathological response to chemoradiotherapy was seen in 6 patients who had

no residual tumour in the resected specimen. Three patients had a partial response, and

the remaining 5 patients showed minimal response. One patient died in the immediate post

operative period; 13 patients made a good post operative recovery and were discharged

home. Median survival in all 14 patients frOlll date ofrandomisation to date is 165 months

(range, 2-39 months). Six patients are alive at this time with survival of between 21 and

39 months. (Table 2).
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Table 2, EGFR/PCNA Expression versus Response to Chemoradiation
Therapy and versus Survival

Patient EGFR PCNA EGFR/PCNA Response to Survival

No. Status therapy (too)

1 - - CR 23*

2 + - MR 24*

3 - - CR 39*

4 + - - PR 15

5 - - CR 38*

6 - - CR 12

7 + - CR 34*

8 - - CR 18

9 + - - PR 21"

10 + + + MR 3

11 + + + MR 8

12 + + + MR 7

13 + + + MR 8

14 + + + PR 2**

CR: complete response: PR: partial response: MR: minimal/no response;
+: positive: -: negative

t.I(;FI~;PCNA positive indicated ttmlours positive tbr both I!(WR and PCNA; all others arc I:,(;~:R/I’CNA

negative. ( lhis scoring system permitted subgroup analysis. I’urthcr brcak&~wn was unhelpful).

* Patient alive at time of writing; ** Periopcrativc death

Of nine patients who had a pathological response to chemoradiotherapy (complete

response + partial response), five (55 percent) are alive. Median survival in this group is

21 months (range, 2-39 months). Of five patients who showed minimal response to

chemoradiotherapy, one patient is alive. The median survival in this group is 8 months

(range, 3-24 months). The difference in survival between these groups is not statistically

significant if all patients are included (P : 0.102, log-rank test). If the perioperative death

is excluded from the survival analysis, patients with a partial response or complete

response to chemoradiotherapy had a significant survival advantage (P = 0.035, log-rank

test).
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Of the 9 patients with either a partial response or complete response, 8 are negative for

one or both markers (EGFR/PCNA-negative). Of 5 patients with no pathological

response, all were EGFR-positive and 4 were PCNA-positive, so that 4 were positive for

both markers (EGFR/PCNA-positive).

partial response to chemoradiotherapy.

Of 5 EGFR/PCNA-positive patients, 1 showed a

Of 9 EGFR/PCNA-negative patients, 8 had either

a partial response or complete response (P=O.02, Fisher’s exact test).

Median survival in patients with EGFR/PCNA-positive tumours was 7 months (range, 2-8

months), compared with 23 months (12-39 months) in patients with

EGFIL/PCNA-negative tumours (P=O.0003, log-rank test). The 12-months survival in

patients with EGFR/}’CNA-negative tumours was 1 O0 percent, compared with 0 percent

in patients ~vith EGFlLPCNA-positive tumours. Because all five patients with

EGF1L/PCNA-positive tumours have died but six of nine patients with EGFR/PCNA

negative tumours are alive, the median survival in this group has not been reached. The

patient who died in the immediate post operative period had an EGFR/PCNA-positive

tumour; if this patient is excluded from the analysis, the difference between the groups

remains statistically significant (P=0.O01, log-rank test).

Comparing the significance of other factors, there was no difference in median age

between the EGFR/PCNA-positive and EGFR/PCNA-negative groups (median age, 63

years for both). Four of five EGFR/PCNA-positive and six of nine EGFR/PCNA-negative

patients were female (P not significant). Three of nine tumours in the EGFR/PCNA

-negative group were poorly differentiated, compared with none of the five

EGFR/PCNA-positive tumours (P not significant).

There was, however, a difference in the site of the turnouts between the two groups. In

the EGFR/PCNA-negative group, six of nine tumours were situated in the lower third of

the oesophagus, compared with none in the EGFR/PCNA-positive group, where all five

tumours were either middle or upper third (P=0.28). Table 2).
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DISCUSSION

The ability to predict which patients are likely to respond to chemoradiotherapy, based on

immunocyto-chemical assessment of pre-treatment biopsy results, would be a major

advance in the management of patients with cancer. The current study suggests that this

may be possible tbr patients with oesophageal squamous cell carcinoma.

Increased expression of EGFR in breast [254], colorectal [255], and lung carcinoma [256]

is associated with a poor prognosis. The EGFR status of the resected tumour predicts

survival after resection of the oesophagus for squamous cell carcinoma [251,252]. EGFR

over-expression is associated with a poorer prognosis, more frequent lymph node

metastases, mad greater likelihood of recurrent disease [251,252]. EGFR or other tumour

markers have not previously been examined as predictors of turnout response to

chemotherapy or radiotherapy fi’orn biopsy specimens. PCNA expression is a marker of

proliferation rate in tumour tissues [257,258] and might be expected to correlate with

response to radiotherapy, which has the greatest eft~ct on cells with a rapid turnover rate,

and to chemotherapy with agents acting as the S-phase of the cell cycle, which is

prolonged in malignant cells.

By combining expression of both markers, tumours that were positive for both markers

were labelled as EGFR/PCNA-positive tumours. Tumours negative for one or both

markers were combined as the EGFR/PCNA-negative group. Patients who were positive

fbr both markers showed little response to chemoradiotherapy and had a universally poor

outcome. All patients with tumours negative for both markers had a complete pathological

response to chemoradiotherapy. There were 4 patients with one positive and one negative

marker, three of whom had either a partial or complete response. This suggests that

dual-positive tumours do not benefit from chemoradiotherapy, whereas those with
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tumours negative either for EGFR or for PCNA or for both markers will have some

response to adjuvant therapy. This study is too small to detect a difference in outcome

between tumours negative for one marker and tumours negative for both.

The response to chemoradiotherapy correlated with improved long term survival. While

both markers indicated response PCNA status correlated more closely than EGFR with

long tern1 survival. In a larger group of patients, a direct correlation might have emerged

between survival and each of the individual markers alone, but this was not evident in the

current study.

Patients with lower third tumours were more frequently EGFR/PCNA-negative. It is

suggested that lower third tumours have a better response [259] but most studies find no

survival advantage tbr tumour site reporting instead on the 13qnph node status, depth of

tumour invasion, and residual disease after surgery as the most important prognostic

variables [260].

The reason for the correlation between PCNA and EGFR status with response to

chemoradiotherapy is unclear. EGFR status alone correlates with survival [251,252] and

EGFR-negative patients have a better prognosis. Tumours that respond best to

chemoradiotherapy are usually those with a high proliferation rate, thus the correlation of

low expression with response to chemoradiotherapy is surprising. The addition of two

radiosensitizing agents, the combination of a group of better-prognosis patients with

EGFR-negative tumours and improved response to radiotherapy in PCNA-negative

patients due to the addition ofcisplatin and 5 fluorouracil may have produced the

markedly better survival seen here in patients who were EGFIL/PCNA-negative. A further

explanation is that expression is related to metastatic potential. High EGFR expression is
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associated with early metastasis [252] while low EGFR expression may reflect local

disease providing greater likelihood of complete ttmlour eradication than in

EGFR-positive tumours. High PCNA levels in these patients may merely indicate that

metastases will prolil~rate rapidly.

This study suggests that response to multimodality therapy in oesophageal squamous cell

carcinoma cml be predicted from pre-treatment biopsies. The clinical implication of this

finding is that patients might be selected for treatment based on their likely response.

Early surge~’ without adjuvant therapy may be more appropriate for patients with

EGFR/PCNA-positive tumours. A larger prospective study is required to confirm these

findings with comparison with a control group of patients treated by surgery alone.
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CHAPTER 10

GENERAL DISCUSSION AND CONCLUSIONS
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In this series of studies the presentation, management and outcome of oesophageal

carcinoma was examined from the perspective of a single unit with a large experience.

Some of the major issues determining outcome were addressed while many more were

uncovered which will provide the focus of study tbr future researchers.

The increasing incidence of oesophageal carcinoma along the western seaboard of Europe,

and particularly in these Islands is worrying and requires urgent study. Modification in

preservation of tbodstuffs has been identified as a contributing factor ill the dramatic

reduction in distal gastric cancer over the past three decades. Dietary modification has

also been implicated in the reduction in incidence of squamous carcinoma of the

oesophagus where this has occurred, specifically the increased intake of fresh fruit. It has

been suggested that the elimination of tobacco and alcohol consumption would reduce

oesophageal squamous carcinoma incidence by 80 percent.

The extremely rapid increase in incidence of adenocarcinoma of the oesophagus, both in

Europe and America has, as yet, no convincing explanation. The only aetiological risk

factors so far identified tbr oesophageal adenocarcinoma are Barrett’s mucosa, which in

turn results from gastro-oesophageal reflux, and previous gastric surgery. This is

reflected in the present work. The incidence of gastric resection, and gastric vagal section

has diminished dramatically in recent years removing one potential minor aetiological

factor. The issue of reflux needs to be addressed in prospective community based studies.

We do not know the incidence of severe gastro-oesophageal reflux or of Barrett’s mucosa

in our community. There is little information on the dynamics of change in incidence but

the rapid increase in presentation adenocarcinoma suggests an increase in incidence of

reflux oesophagitis also. With current medication this should be naanaged aggressively by

medical measures in the first instance. Minimally invasive surgical techniques associated

with only minor post-operative problems should be considered in young patients with

severe reflux and early Barrett’s oesophagus. There are, however, no studies that have

shown that reflux control prevents the progression of colurrmar mucosa to malignant
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change. Neither is there evidence that aggressive medical or surgical reflux control in the

young will reduce the incidence of Barrett’s mucosa in an older population. Long-term

tbllow-up of a large number ofpatiems so treated is required to decide this issue.

Oesophageal cancer presents late and in this series of studies the mean duration of

symptoms was 3.5 months. With its rapid growing time this may make a significant

difference to the outcome. It is surprising that so prominent a symptom should be ignored

or its importance overlooked, by patient and physician, for such a long interval. The

reason for this delay requires study. Greater awareness of the significance of dysphagia

amongst the public and amongst health professionals is suggested as an initial measure. It

is unclear, however, if earlier presentation will improve long term outcome but this can

only be discovered ira significant section of the affected population present early.

The correlation of a lower incidence of lymph node involvement and enhanced long-term

survival for females has not been adequately explored. This should prove a rewarding area

for further research. It suggests that the female hormonal milieu has a modifying effect on

tumour growth and metastatic potential. It also suggests a role for hormonal manipulation

as a therapeutic adjunct.

Respiratory complications constitute the greatest post-operative risk and in this series of

studies we were able to show that routine overnight ventilatory support was not beneficial

but was potentially harmful. Immediate extubation is now the routine in this unit and has

received widespread support internationally after publication of this experience. It

suggests that further attention needs to be focused on intra-operative ventilatory

maintenance. The key to some of the post-operative respiratory complications such as

pulmonary oedema, pneumonic consolidation, atelectasis and ARDS may have their origin
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in tile pressure, voltune, oxygen toxicity, or mechanical trauma of the intra-operative

period.

Delayed gastric emptying is implicated in post-operative anastomotic leakage in addition

to compromising long term quality of lil~. Few studies had hitherto examined motility and

none examined the role ofa prokinetic agent. Erythromycin enhanced motility for

patients, more than for controls and hastened gastric emptying. Its administration has now

been incorporated into our management of gastric stasis and fullness after meals. Our

concern with its routine use is that it may encourage superinfection of the gastrointestinal

tract. The introduction of a macrolide without antibiotic activity is awaited.

The prognosis for patients leaving hospital is of the greatest concern for both patient and

lhrnily. ~le survival correlated closely with turnout stage there was considerable

disparity in outcome even amongst patients with stage 2a disease. In an attempt to refine

the prognostic ability of pathological staging tumour DNA ploidy was examined. Tumour

ploidy correlated with survival as euploid tumours had a better outcome than aneuploid

tumours. But while it refined prognosis it did not provide individual prognosis. Image

analysis proved more accurate than flow cytometry and this was felt to reflect the marked

desmoplastic response to tumour in many specimens. The study helps focus on outcome

which is more closely related to the characteristics of the tumour cells that remain and the

host response than to the turnout removed. If nodes are involved we can assume

widespread lymphatic involvement. It would help, nevertheless, especially in node negative

turnouts if we could predict those in which cells are more likely to metastasise and invade.

The majority oftumours present late and the disappointing results of radical surgery forces

us to recognise that significant improvement in outcome will require systemic therapy.

The interim report in this study suggests that multimodality therapy will inaprove disease
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free survival tbr some patients. The numbers are inadequate as yet to fbrm strong

conclusions about sqtlamous tumours but up to 40 percent have a complete pathological

response and survival is significantly prolonged for complete responders. Some patients

with a complete response developed fhtal or life-threatening complications of their

treatment. It emphasises the importance of long-term follow-up. This must not detract

from the fact that this is the first study to report a significant survival advantage for

neoadjuvant therapy for adenocarcinoma of the oesophagus. It is only the third study to

exanfine neoadjuvant chemoradiotherapy for squamous carcinoma and when enrolment has

been completed will be the only trial with adequate numbers to address the question in a

scientifc fashion. While many patients are treated with such adjuncts as chemotherapy or

radiotherapy or both, either pre-operatively or post-operatively, the vast majority are

treated on an ad hoc basis mad no concrete scientific information will be derived from these

costly endeavours.

The ability to predict who will respond to treatment would radically alter our management

of such patients. Those unlikely to respond could have early surgery to reduce the risk of

tumour progression and responders might receive treated with the ultimate aim of avoiding

surgery. This study of the role of EGFR and PCNA was the first in the literature to so

examine pre-treatment endoscopic biopsy specimens. These markers predicted response

with such accuracy in a retrospective study. Prospective studies are now underway for

patients with adenocarcinoma and if these findings are confirmed it will be an advance in

terms of oncological outcome and cost benefit management.

These studies suggest that we can reduce morbidity and improve both the quality and

duration of survival of patients with oesophageal cancer. We can predict more accurately

which patients will survive without adjuvant therapy and which patients are more likely to

respond to neoadjuvant measures.

169



REFERENCES

170



° Tuarascail ar Staidreamh Beatha. Report on Vital Statistics 1990. Department of

Health, Ireland. Stationary Office, Dublin 1993.

Parkin DM, Laara E, Muir CS. Estimates of the world-wide frequency of 16 major

cancers in 1980. Int J Cancer 1988:4 I" 184-97.

,

Rogers EL, Goldkind L, and Goldkind SF. Increasing frequency of esophageal

cancer among black male veterans, Cancer 49:924, 1984.

.

Tuyns A J, and Masse G: Cancer of the oesophagus in Brittany: an incidence study

in Ille-et-Vilaine, Int J Epidemiol 1975;4:55-9.

,

Giarelli L, Silvestri F, Ferlito A, BroUo A and Clocchiati L: Observation on the

epidemiology of esophageal cancer in the province of Trieste. Clin Otolaryngol

1980:5:13

,

Crespi M, Munoz N, and Grassi A: Precursor lesions of esophageal cancer in

high-risk populations in Iran and China. In Pfeiffer CG, editor: Cancer of the

esophagus vol. 1, Boca Raton, Fla., 1982, CRC Press, pp. 111-123.

7. Doll R. The geographical distribution of cancer. Br J Cancer 1969;28:-8.

,

Iran-International Agency for Research on Cancer (IARC) Study Group: Esophageal

cancer studies in the Caspian littoral of lran: results of population studies. J Natl

Cancer Inst 1977; 59:1127, 1977.

9. Cheng KK, Day NE. Oesophageal carcinoma in Britain. BMJ 1992:304:711

171



10. Cheng KK, Day NE, Davies TW. Oesophageal cancer in Europe: paradoxical time

trends in relation to smoking and drinking. Br J Cancer 1992; 65:613-7

11. Hesketh P J, Clapp RW, Doos WG, Spechler SJ. The increasing frequency of

adenocarcinoma of the esophagus. Cancer 64:526-530, 1989.

12. Blot WJ. Devesa SS, Kneller RW, Fraumeni JF. Rising incidence of

adenocarcinoma of the oesophagus and gastric cardia. JAMA 1991 ;265"1287-9.

13. Husemann B. Cardia carcinoma considered as a distinct clinical entity.

1989: 76:136-139.

Br J Surg

14. Powell J, McConkey CC. The rising trend in oesophageal adenocarcinoma and

gastric cardia. Eur J Cancer Prev 1992; 1" 265-9.

15. Lund O, Hasenkam JM, Aagard MT, Kimose HH. Time-related changes in

characteristics of prognostic significance in carcinomas of the oesophagus and

cardia. Br J Surg 1989;76,1301-1307.

16. Levi F, Ollyo JB, LaVecchia C, Boyle P, Mmmier P, Savary M. The consumption of

tobacco, alcohol and the risk of cancer in Barretts oesophagus. Int J Cancer

1990;45:852-4.

17. Craddock VM. Alcoholic beverages and tobacco, hi Cancer of the esophagus:

Approaches to the etiology. Cambridge University Press 1993 ppl 17-169.

18. La Vecchia C et al. Tar yields of cigarettes and the risk ofoesophageal cancer.

J Cancer 1986; 38:381-6.

172

| nt



19. Yu MC, et al Tobacco, alcohol, diet, occupation and carcinoma of the oesophagus.

Cancer Res 1988:48:3843-8.

20. Craddock VM. Chemicals carcinogenic tbr the esophagus: tile nitrosamines. In

Cancer of the esophagus: Approaches to the etiology. Cambridge University Press

1993 pp 69-115.

Dowlatshahi K, Miller R J: Role of opium in esophageal cancer: a hypothesis.

Cancer Res. 45:1906, 1985.

Burrell R J, Roach WA, Shadwell A. Esophageal cancer in the Bantu of Transkei

associated with mineral deficiency of garden plants. J Natl Cancer Inst 1966;36:201-

14.

23. Craddock VM, Hill R J, Henderson AR. Acute and chronic effect of

Diacetoxyscirpenol on cell replication in rat esophagus and stomach.

1988:41:287-94.

Cancer Lett

24. Wynder EL, Bross IJ. A study of etiological factors in cancer of the oesophagus.

Cancer 1961; 14: 389-413.

25. Li Ming-Xin, Cheng Shu-Jun: Carcinogenesis of esophageal cancer in Linxian,

China. Chin Med J 97:31 i, 1984.

26. deJong UW, Breslow N, Goh Ewe Hong J, Jr, Sridharan M Shanmugaratnam K:

Aetiological factors in oesophageal cancer in Singapore Chinese. Int J Cancer

13:291, 1974.

173



27. Schonland M, and Bradshaw E: Oesophageal cancer in Natal Bantu: a review of 516

cases. S Aft Med J 1969 p. 1028,1969.

28. Willis T. Pharmaceutice Rationalis. Classical Descriptions of Disease.

IL: Thomas 1932.

Springfield

29. Pinotti HW, Cecconello I, Zilberstein B. The surgical treatment of Achalasia.

In:Surgery of the Esophagus, Stomach and Small Intestine. Fifth Edition. Eds C

WastelL LM Nvhus. PE Donahue. Little Brown, London. 1995, pp155-157.

30. Appleqvist P, Salmo M. Lye corrosion carcinoma of the esophagus: a review of 63

cases. Cancer 1980: 45:2655-9.

31. Holmes G J, Stokes PL, Sorohan TM et al. Coeliac disease, gluten free diet and

malignancy. Gut 1976;17:612-619.

32. Wychulis AR, Gunnlaugsson GH and Clage HOT. Carcinoma occurring in

pharyngoesophageal diverticulum: report of three cases. Surgery, 66, 976-979.

33. Howel-Evans W, McConnell RB, Clarke CA and Sheppard PM. Carcinoma of the

oesophagus with keratosis palmaris et plantaris (Tylosis). Quart J Med

1958;27:413-429.

34. Shearman D J, Arnott S J, Finlayson NDC, Pearson JG. Carcinoma of the

oesophagus after gastric surgery. Lancet 1971 ;1" 19-20.

35. Wynder EL, Klein UE. The possible role of riboflavin deficiency in epithelial

neoplasm. Cancer 1965;18:167-80

174



36. Shanta V and Krishnamurthi S. A study ofaetiological thctors in oral squamous cell

carcinoma. Br J Cancer, 1959;13:, 381-388.

37. Fischer GE. Oesophageal manifestation of pellagra.

Otolaryngol Trans 1944;48"175-179.

Am Acad Ophthalmol

38. Carrie A. Adenocarcinoma of the upper end of the oesophagus arising from ectopic

gastric epithelium. Br J Surg 1950;37:474.

39. Hawe A, Pa~iae WS, Weiland LH, Fontana RS. Adenocarcinoma in the columnar

epithelial lined lower (Barrett’s) oesophagus. Thorax 1973;28:511-514.

40. Shafer RB. Adenocarcinoma ha Barrett’s columnar-lined esophagus.

1971:103:411-413.

Am1 Surg

41. Reid B J, Weinstein WM, Lewin KJ. et al. Endoscopic biopsy can detect high grade

dysplasia or early adenocarcinoma in Barrett’s esophagus without grossly

recognizable neoplastic lesions. Gastroenterology 1988;94,81-90.

42. Li H, Walsh TN, Hennessy TPJ. Carcinoma arising in Barrett’s esophagus. Surg

Gynecol Obstet 1992; 175:167-172.

43. Van der Veen AH, Dees J, Blankenstrijn JD et al. Adenocarcinoma in Barrett’s

esophagus: an overrated risk. Gut 1989;30:14-18.

44. Cameron A J, Ott BJ and Payne WS. The incidence ofadenocarcinoma in

columnar-lined (Barrett’s) oesophagus. New Engl J Med 1985;313:857-859.

175



45. Spechler S J, Robbins AH, Rubins HB et al. Adenocarcinoma and Barrett’s

esophagus: an overrated risk? Gastroenterology 1984;87:927-933.

46. Von Mikulicz J. Ein Fall von Resection des Carcinomatosen Oesophagus mit

plastischenl Ersatz des exciderten stukes. Prague Med Woch 1886;11:93.

47. Sauerbruch F. Uber die Ausschaltung der schadlichen Wirkung des pneumothorax

bei intrathorakalen Operationen. Zentralbl Chir 1904; 31" 146.

48. Sauerbruch F. Experimentelle Beitrage zur Oesophaguschirurgie.

Chir 1905; 34: 140.

Verh Dtsch Ges

49. Torek F. The first successful resection of the thoracic portion of the esophagus for

carcinoma. JAMA 1913:20:1533.

50. Turner GG. The Oesophagus, Cassell, London, 1946:81-82.

51. Oshawa R. The surgery of the oesophagus. Jap Chir 1933;10:604-695.

52. Adams W, Phemister DB. Carcinoma of the lower thoracic esophagus. Report of a

successful resection and esophagogastrostomy. J Thoracic Surg 1938;7:13-35.

53. McKeown KC Surgical treatment of carcinoma of the oesophagus.

results in 478 cases. J Royal Coil Surg Edinb 1985; 30: 1-14.

A review of the

54. Skinner DB. En bloc resection tbr neoplasms of the esophagus and cardia.

Cardiovasc Surg 1983; 85: 59-71.

J Thorac

176



55. J Thorac CardiovascOrringer MB, Sloan H. Esophagectomy without thoracotomy.

Surg 1978; 76: 643-654.

56. Earlam R and Ctmha-Melo JR. Oesophageal sqtlamous cell carcinoma: a critical

review of surgery. Br J Surg 1980;67:381-391.

57. Mfiller JM, Erasmi H, Stelzner M, Zieren U, Pichlmaier H. Surgical Therapy of

oesophageal carcinoma. Br J Surg 1990; 77: 845-57.

58. Orringer MB, Orringer JS. Esophagectomy without thoracotomy: A dangerous

operation? J Thorax Cardiovasc Surg 1983; 85: 72-80.

59. Akiyama H, Tsurumaru M, Udagawa H, Kajiyama Y. Radical lymph node dissection

tbr cancer of the thoracic oesophagus. Ann Surg 1994; 220: 364-373.

60. Bonavina L, et al. Early oesophageal cancer:results of a European multicentre

survey. Br J Surg 1995;82:98-101.

61. Cuscheiri A. Endoscopic subtotal oesophagectomy for cancer using the right

thoracoscopic approach. Surg Oncol 1993; 2 (Suppl 1): 3-11.

62. Tam PC, Cheung HC, Ma L, Siu KF, Wong J. Local recurrence after subtotal

esophagectomy for squamous cell carcinoma. Ann Surg 1987; 205" 189-194.

63. Kato H, Watanabe Y, Achimori Y, Izuka T. Evaluation of neck lymph node

dissection for thoracic esophageal carcinoma. Ann Thorac Surg 1991 ; 51" 931-935

64. Skinner DB. Cervica lymph node dissection for thoracic esophageal carcinoma. Ann

Thorac Surg 1991 ; 51" 884-5

177



65. Law SY, Fok M, Wong J. Risk analysis in resection ofsquamous cell carcinoma of

the oesophagus. World J Surg 1994; 18: 339-46.

66. Nagawa H, Kobori O, Muto T.

transthoracic oesophagectomy.

Prediction of pulmonary complications after

Br J Surg1994; 81:860-2.

67. Dewar L, Gelfand G, Finley R J, Evans K, Inculet R, Nelems B. Factors affecting

cervical anastomotic leak and stricture formation following esophagogastrectomy

and gastric tube interposition. Am J Surg 1992;163:484 7.

68. Lee Y, Fujita H, Yamana H, Kakegawa T. Factors affecting leakage following

oesophageal anastomosis. Surg Today 1994; 24: 24-9.

69. Orringer MB. Clinical experience in blunt transhiatal esophagectomy without

thoracotomy. In: Najarian JS, Delaney JP. Advances in Gastrointestinal Surgery.

Chicago. Year Book Medical Publishers Inc., 1984:91-5.

70. Bolger K, Walsh TN, Tanner WA, Keeling P, Hennessy TPJ. Chylothorax after

oesophagectomy. Br J Surg 1991; 78:587-588.

71. Orringer MB Sterling MC. Oesophageal resection for achalasia: indications and

results. Ann Thorac Surg 1989;47:340-5.

72. Matthews HR, Power D J, McConkey CC. Effect of surgical experience on the

results of resection for oesophageal carcinoma. Br J Surg 1986;73:621-3

73. Zhang GH, Fugita H, Yamana H, Kakegawa T. Prediction of hospital mortality after

surgical treatment for esophageal cancer. Surg Today 1994: 24: 122-7.

178



74. Pearson JG. Radiotherapy of carcinoma of the oesophagus and post-cricoid region

in the South East of Scotland. Clin Rad 1966; 17: 242-57.

75. Newaishy GA, Read GA, Duncan W, Kerry GR. Results of radical radiotherapy of

squamous cell carcinoma of the oesophagus. Clin Rad 1982; 33:347-352

76. Herskovic A, Martaz K, al-Sarraf Met al. Combined chemotherapy and

radiotherapy compared with radiotherapy alone in patients with cancer of the

esophagus. New Engl J Med 1992; 326:1593-8.

77. Launois B, Delarue D, Campion JP et al. Preoperative radiotherapy tbr carcinoma

of the esophagus. Surg Gynecol Obstet 1981;153:690-2.

78. Gignoux M, Roussel A, Paillot Bet al. The value of preoperative radiotherapy in

esophageal cancer: Results of a study of the EORTC World J Surg 1987;11:426-32.

79. Huang G J, Gu XZ. Experience with combined preoperative irradiation and surgery

for squamous-cell carcinoma of the esophagus. In: Wagner G, Zhang YH

eds.:Cancer of the Liver, Esophagus and Nasopharynx. New York: Springer-Verlag

1987:134.

80. Fok M, Sham JST, Choy D, Cheng SWK, Wong J. Postoperative radiotherapy for

carcinoma of the esophagus: A prospective randomised controlled study. Surgery

1993;113: 138-47.

81. French University Association fbr Surgical Research, Tenier P, Ha5 J-M, Fingerhut

A, Fagniez P-L. Postoperative radiation therapy does not increase survival after

curative resection tbr squamous cell carcinonm of the middle and lower esophagus

179



as shown by a multicenter controlled trial.

123-130.

Surg Gynecol Obstet 1991 ; 173:

82. Bosch A, Frias Z, Caldwell Wet al. Autopsy findings in carcinoma of the

esophagus. Acta Radiol - Oncol 1979;18:103.

83. Mandard A, Chasle J, Mamay Jet al.

cancer. Cancer 1981:48:329.

Autopsy findings in l 1 cases of esophageal

84. ,~mderson I, Ladd T. Autopsy findings in squamous cell carcinoma of the

esophagus. Cancer 1982;50:1587.

85. Kelsen DP, Minsky B, Smith Met al. Preoperative therapy for esophageal cancer:

A randomized comparison of chemotherapy versus radiation therapy. J Clin Oncol

1990:8:1352-61.

86. Fisher B, Gundus N, SalTer EA. Influence of the interval between primary tumour

removal and chemotherapy on kinetics and growth of metastases. Cancer Res

1983;43:1488-92.

87. Saltz L, Kelsen D.

esophageal cancer.

Combined modality therapy in the treatment of loco-regional

Ann Oncoi 1992;3:793-99.

88. Sischy B, Ryan L, Hailer D, et al. Interim report of EST 1282 phase III protocol for

the evaluation of combined modalities in the treatment of patients with carcinoma of

the esophagus, stage I and II. Proc Amer Soc Clin Oncol 1990; 9: 105.

89. Franklin R, Steiger Z, Vaishampayan G el al. (’ombined modality

esophageal squamous cell carcinoma. Cancer 1983 ;51 : 1062-71.

180

therapy tbr



90. Leichman L, Steiger Z, Seydel HG et al. Preoperative chemotherapy and radiation

therapy tbr patients with cancer of tile esophagus: A potentially curative approach.

Clin Oncol 1984;2"75-9.

01. Forastiere AA, Orringer MB, Perez-Tamayo C et al. Concurrent chemotherapy and

radiation therapy followed by transhiatal esophagectomy for loco-regional cancer of

tile esophagus. J Clin Oncol 1990; 8: 119-27.

92. LePrise E, Etiemle P, Meunier B, Maddern G, BenHassel M, Gedouin D, Boutin D,

Campion JP, Launois B. A randomised study of chemotherapy, radiation therapy and

surgery, versus surgery for localised squamous cell carcinoma of the esophagus.

Cancer 1994; 74" 1779-84.

93. Nygaard K, Hagen S, Hansen HS et al. Pre-operative radiotherapy prolongs survival

in operable esophageal carcinoma: A randomized, muilticenter study ofpre-operative

radiotherapy and chemotherapy. The Second Scandinavian trial in Esophageal

Cancer. World J Surg 1992; 16:1104-1110

94. Fok M, Cheng SWK, Wong J. Pyloroplasty versus no drainage in

replacement of the oesophagus. Am J Surg 1991 ; 162:447-52.

gastric

95. Mannell A, Hinder RA, San-Garde BA. The thoracic stomach: A study of gastric

emptying, bile reflux, and mucosal change. Br J Surg 1984; 71" 438-4l.

96. Bonavina L, Anselmino M, Roul A, Bardini R, Borsato. Functional evaluation of the

intrathoracic stomach as an oesophageal substitute. Br J Surg 1992; 79" 529-32.

181



97. Del Poli M, Mioli P, Gasparri G, Casalegno PA, et al. Functional study of intestinal

transplants after esophagectomy. Minerva Chirurgica 1991 ; 46:241-5.

98. Pmldolfo N, Spigno L, Guiddo G, Tronfi G, Villvecchia G, Mattioli FP. Functional

evaluation of gastric and Jejunal transplants after esophagectomy. Minerva

Chirurgica 1991 ; 46: 253-62.

99. Casson AG, Powe J, Inculet R, Finley R. Functional results of gastric interposition

tbllowing total esophagectomy. Clin Nucl Med 1991; 16: 918-22.

100. Gupta S, Chattopadhyay TK, Gopinath PG, Kapoor VK, Sharma LK. Emptying of

the intrathoracic stomach with and without pyloroplasty. Am J Gastroent 1989; 84:

921-3.

101. DeLeyn P, Coosemans W, Lerut T. Early and late functional results in patients with

intrathoracic gastric replacement after oesophagectomy for carcinoma. Eur J

Cardiothorac Surg 1992; 6" 79-84.

102. Forssell H, Stenquist B, Lundell L, Olbe L. A criterion for completeness of

vagotomy based on basal and vagally stimulated gastric acid secretion after

oesophagectomy or proximal vagotomy. Sand J Gastroenterol 1988;23:534-8.

103. Collard JM. Otte JB. Reynaert M. Kestens PJ. Quality of life three years or more

after esophagectomy tbr cancer. J Thorac Cardiovas Surg 1992; 104:391-4.

104. Noguchi Y, Baba M, Nakano S, Fukumoto T, Yoshinaka H, Aikou T, Shimazu H.

Quality of life of patients after esophagectomy tbr esophageal cancer. J Japanese

Surg Soc 1991; 92:281-7.

182



105. Roder JD, Herschbach P, Ritter M, Kohn MM, Sellschopp A, Siewert JR. The

quality of lit~ tbllowing esophagectomy. The results ofa psychosocial study of 80

cancer patients. Deutsche Med Wochenschrift 1990:115:570-4.

106. Lehr 1, Rupp N, Siewert JR. Assessment ofresectability ofoesophageal cancer by

computed tomography and magnetic resonance imaging. Surgery 1988;103:344.

107. Riisch T, Classen M. Esophageal Carcinoma. In Gastroenterologic

Endosonography. Ed D Elder. Thieme Stuttgart, 1992:45-62.

108. Wolfe WG, Vaughn AL, Seigler HF et al. Survival of patients with carcinoma of

the esophagus treated with combined-modality therapy. J Thorac Cardiovas Surg

1993" 105:749-55.

109. Stewart JR, Hoff SJ, Johnson DH, Murray M J, Butler DR, Elkins CC, Sharp KW,

Merrill W~, Sawyers JL. Improved survival with neoadjuvant therapy and resection

for adenocarcinoma of the esophagus. Ann Surg 1993;218:571-6.

110. Holt S J, Stewart JR, Sawyers JL, Murray M J, Merrill WH, Adkins RB, Johnson DH.

Preliminary results with neoadjuvant therapy and resection for esophageal carcinoma.

Ann Thorac Surg 1993;56:282-6.

111. Buset B, des Marez B, Batze Met al Palliative endoscopic management obstructive

oesophagogastric cancer: Laser or prosthesis? Gastrointest Endosc 1987; 33 357-

61.

112. Krasner N, Barr H, Skidmore C, Morris AI.

dysphagia. Gut 1987;28" m792-8.

Palliative laser therapy for malignant

183



113. Hennessy TPJ. Management Of Oesophageal Cancer. hi:Progress In Surgery.Ed

Taylor I. Livingstone, London 1989 pp32-46.

114. Timon C, Walsh MA, Hennessy TPJ. Surgical treatment of Hypopharyngeal

turnouts. J R Coll Surg Edinb 1991 ;36:113- I 16.

115. Li JY, Ershow AG, Chen ZJ et al. A case control study of cancer of the esophagus

and gastric cardia in Linxian. Int J Cancer 1989; 43: 755-61.

116. MacDonald WC, MacDonald JB. Adenocarcinoma of the esophagus and/or gastric

cardia. Cancer 1987; 60:1094-1098.

117. Spechler SJ. Goyal RK. Barrett’s esophagus. N Engl J Med 1986; 315:362-71.

118. Jochem VT, Fuerst PA, Fromkes JJ. Familial Barrett’s esophagus associated with

adenocarcinoma. Gastroenterology. 1992;102:1400-1402.

119. Crabbe DW, Berk MA, Hall TR, Connolly PM, Beigel AA, Lahman GA. Familial

gastro-oesophageal reflux and development of Barrett’s esophagus. Annals of Int

Med. 1985:103:523.

120. Fahmy N, King JF. Barrett’s Esophagus: An acquired condition with genetic

predisposition. AM J Gastroenterol. 1993;88;8:1262-1265.

121. Hardwick RH, Shepherd NA, Moorghen M, Newcomb PV, Alderson D.

Adenocarcinoma arising in Barrett’s oesophagus: evidence tbr the participation of

p53 dysfunction in the dysplasia/carcinoma sequence. Gut 1994:35:764-8.

184



122. Williamson WA, Ellis FH, Gibb SP et al. Effect of anti-reflux operation on

Barrett’s nmcosa. Ann Thorac Surg 1990;49:537-42.

123. Thompson J J, Zeinsser KR, Enterline HT. Barrett’s metaplasia and adenocarcinoma

of the esophagus and gastroesophageal junction. Hum Pathol 1983; 14:42-60.

124. Watson A. A study of the quality and duration of survival tbllowing resection,

endoscopic intubation, and surgical imubationin oesophageal cancer. Br J Surg

69:585:1982.

125. Carter R, Smith JS, Anderson JR. Lasar recanalisation versus endoscopic intubation

hi the palliation of malignant dysphagia: A randomised trial. Br J Surg 1992; 79:

1167-69.

126. Reed CE, Marsh ~q--I, Carlson LS, Seymore CH, Kratz JM. Prospective,

randomized trial of palliative treatment for unresectable cancer of the esophagus.

,ann Thorac Surg 1991 ;51(4):552-5.

127. Peracchia A, Bardini R, Asolati M, Ruol A, Bonavina L, Castoro C, Pavanello M.

Surgical treatment of carcinoma of the gastric cardia. Hepato-Gastroenterol 1991 ;38

(Suppl 1):72-5.

128. British Stomach Cancer Group. Resection line disease in stomach cancer. Br Med J

(Clin Res). 1984;289:601-3.

129. G O’Sullivan, A Corbett, C Hahnajanawong, M O’Donoghue, JK Collins. Tumour

derived lmmunosuppression in Esophageal Squamous (’ell Carcinoma. hi Diseases

of the Oesophagus. Voi 1, Malignant Disease. Eds. MK Ferguson, AG Little, DB

Skinner, Futura, Mount Kisko NY 1990:43-52

185



130. Postlethwaite RW. Squamous cell carcinoma of the oesophagus. In Surgery of the

oesophagus~ RW Postlethwaite Ed. Norwalk Appleton-Century-Crofts 1986;

pp369-82.

131. Bardini R, Asolati M, Roul A, Bonavina L, Baseggio S, Peracckia A.

World J Surg 1994: 18:373-78

Anastomosis.

132. Jalili F. Medium chain triglycerides and total parenteral nutrition in the management

ofint’ants with congenital chylothorax. South Med J 1987; 80: 1290-3.

133. Puntis JW. Roberts KD, Handy D.

Child 1987:62:593-6.

How should chylothorax be managed. Arch Dis

134. Orringer MB. Bluett M, Deeb GM. Aggressive treatment ofchylothorax

complicating transhiatal oesophagectomny without thoracotomy. Surgery

1988:104:720-6.

135. Taba L, Dedhia HV, Bower R, Alexander JC.

1985; 13: 49-52.

Chylothorax review. Crit Care Med

136. Selle JG, Snyder WH, Schreiber JT.

1973; 177: 245-9.

Chylothorax: indications for surgery. Ann Surg

137. Tsurumaru M, Udagawa H, Ono Y et al. Surgical Treatment of Intrathoracic

Esophageal Carcinoma.. In Recent Advances in Diseases of the Oesophagus.. Eds.

K Nabeya, T Hanaoka, H Nogami. Springer Verlag, Hong Kong 1993:697-702

186



138. Badwe RA, Patil PK, Bhansali MS, Mistry RC, Juveker RR, Desai PB. Impact of

age and sex on survival after curative resection tbr carcinoma of the esophagus.

Cancer 1904; 74: 2425-0.

139. Shiozaki H, Nishiyama K, Ogawa Y, Yano T, Kubota T, Imalnoto H, Inoue M,

Mori T. Effect of sexual difference on prognosis of esophageal cancer. In Diseases

of the Esophagus. Eds JR Siewert and AH Holscher. Springer Verlag, Berlin 1988.

Pp 690-693.

140. Huang G J, Sun KL. Prognostic significance of lymph node metastasis in Surgical

resection ofoesophageal carcinoma.. In Diseases of the Esophagus. Vol 1.

Nlalignant Diseases. Eds MK Ferguson, AG Little, DB Skinner. Futura Publishing

Company. Mount Kisko, New York, 1990: 213-218.

141. Nishi M, Hiramatsu Y, Hioki K, Hatano T Yamalnoto M. Pulmonary complications

after subtotal oesophagectomy. Br J Surg 1988; 75: 527-30.

142. .~ado N, Shinozawa Y, Ohgami M, Abe O. Necessity for postoperative artificial

respiratory support in esophageal surgery. In Siewert JR, Holscher AH, eds.

Diseases of the Esophagus. Berlin, Springer-Verlag 1988:213-219.

143. Schmidt GB, O’Neill WW, Kotb K, Hwang KK, Bennett E J, Bombeck CT.

Continuous positive airway pressure in the prophylaxis of the adult respiratory

distress syndrome. Surg Gynecol Obstet 1976; 143:613-8.

144. Coates NE, Weigelt JA. Weaning from mechanical ventilation. Surg Clin North Am

1991 ; 71 : 859-76.

187



145. Demling RH, Read T, Lind L J, Flanagan HL. Incidence and morbidity ofextubation

kailure in surgical intensive care patients. Crit Care Med 1988; 16: 573-7.

146. Webb HH, Tierney DF. Experimental pulmonary oedema due to intermittent positive

pressure ventilation with high inflation pressures. Protection by positive

end-expiratory pressure. Am Rev Respir Dis 1974; 110: 556-65.

147. Dreyfuss D, Soler P, Basset G, Saumon G. High inflation pressure puhnonary

oedema: respective etl~cts of high airway pressure, high tidal volume and positive

end-expiratory pressure. Am Rev Respir Dis 1988; 139:1159-69.

148. Hernandez LA, Pee’~2� K J, Moise AA, Parker JC. Chest wall restriction limits high

airway pressure-induced lung injury in young rabbits. J Appl Physiol 1989; 66:

2364-8.

149. Hickling KG, Henderson S J, Jackson R. Low mortality associated with low volume

pressure limited ventilation with permissive hypercapnia in severe adult respiratory

distress syndrome. Intensive Care Med 1990; 16: 372-7.

150. Tsuno K, Prato P Kolobow T. Acute lung injury from mechanical ventilation at

moderately high airway pressures. J Appl Physiol 1990; 69: 956-61.

151. Haake R, Schlichtig R, Ulstad DR, Henschen RR. Barotrauma: pathophysiology,

risk factors and prevention. Chest 1987; 91" 608-13.

152. Kumar A, Pontoppidan H, Falke K J, Wilson RS, Laver MB. Pulmonary barotrauma

during mechanical ventilation. Crit Care Med 1973; 1" 181-6.

188



153. Petersen GW, Baier H. Incidence of pulmonary barotrauma in a medical ICU. Crit

Care Med 1983; 11: 67-9.

154. Peevy K J, Hernandez LA, Moise AA, Parker JC. Barotrauma and microvascular

injury in lungs of non-adult rabbits: effect of ventilation pattern. Crit Care Med

1990;18:634-7.

155. Hilbemlan lXl, Kramm B, Lamy M, Dietrich HP, Martz K, Osborn JJ. An analysis of

potential physiological predictors of respiratory adequacy following cardiac surgery.

J Thorac Cardiovasc Surg 1976; 71:711-20.

156. Tahvanainen J, Sahnenpera M, Nikki P. Extubation criteria after weaning from

intermittent mandatory ventilation and continuous positive airway pressure. Crit

Care Med 1983; 11: 702-7.

157. Morganroth ML, Morganroth JL, Nett LM. Criteria fbr weaning from prolonged

mechanical ventilation. Arch Intern Med 1984; 144:1012-6.

158. Marini JJ. Weaning from mechanical ventilation. N Engl J Med 1991; 324: 1496-8.

159. Ingersoll GL, Grippi MA. Preoperative pulmonary status and postoperative

extubation outcome of patients undergoing elective cardiac surgery. Heart Lung

1991 ;20:137-43.

160. Yang KL, Tobin MJ. A prospective study of indexes predicting the outcome of trials

of weaning from mechanical ventilation. N Engi J Med 1991; 324: 1445-50.

161. Goldstone J, Moxham J. Weaning from mechanical ventilation.

56-62.

189

Thorax 1991; 46:



162. Orringer MB. Transhiatal oesophagectomy without thoracotomy for carcinoma of

the thoracic oesophagus. Ann Surg 1984; 200: "~ ~’ _8,.-8.

163. Rosen RL, Bone RC. Financial implications of ventilator care. In: Tobin M J, ed.

Mechanical ventilation. Philadelphia: WB Saunders, 1990: 797-805.

164. Hill ADK. Walsh TN, Moraes D, Hennessy TPJ.

Ann R Coil Surg Engl 1992; 74: 401-5.

An audit of an oesophageal unit.

165. Holscher AH, Voit H, Buttemlan G, Siewert JR. Function of the intrathoracic

stomach as oesophageal replacement. World J Surg 1988;12:835-44

166. Chausade S, Michopoulos S, Guerre J, Couturier D. Erythromycin (ERY), a motilin

agonist, increases the human lower esophageal sphincter pressure (LESP) by

stimulation ofcholinergic nerves. Gastroenterology 1990; 98: A335.

167. Tomomasa T, Kuroume T, Arai H, Wakabaystfi K, Itoh Z. Erythromycin induces

migratory motor complexes in human gastrointestinal tract.

157-61.

Dig Dis Sci 1986; 31"

168. Sarna SK, Soegrel KH, Koch TR, et al. Effect oferythromycin on human

gastrointestinal motor activity in the fed and fasting states. Gastroenterology 1989;

96: A440.

169. Nakayoshi T, Izumi M, Tatsuta K. Effects ofmacrolide antibiotics on

gastrointestinal motility in fasting and digestive states. Drugs Under Experimental &

Clinical Research. 1992; 18:103-9.

190



170. Depoortere I, Peeters TL, Matthijs G, Vantrappen G. Macrolide antibiotics are

motilin receptor agonists. Hepatogastroemerology 1988; 35" 198.

17l. Kondo Y, Torii K, Omura S. Erytllromycin and its derivatives with motilin-like

biological activities inhibit the specific binding of 125I-motilin to duodenal muscle.

Biochem Biophys Res Commun 1988; 150: 877-82.

172. Jebbink MC, Malclee AA, van der Kleij FG, Schipper J, Rovati LC, Jansen JB,

Lamers CB. Effect of loxiglumide and atropine on erythromycin-induced reduction

in gallbladder ’~’olmne in human subjects. Hepatology 1992;16:937-42.

173. Holle GE, Steinbach E, Forth W. Effects oferythromycin in the dog upper

gastrointestinal tract. Am J Physiol. 1992; 263(1 Pt 1 ):G52-9.

174. Stuart RC, Byrne P J, Lawlor P, O’Sullivan G, Hennessy TPJ. Meal area index: a

new technique for quantitative assessment in achalasia by ambulatory manometry

during eating. Br J Surg 1992; 79:1162-1166.

175. Annese V, Janssens J, Vantrappen G, Tack J, Peeters TL, Willemse P, Van

Cutsem E. Erythromycin accelerates gastric emptying by inducing antral

contractions and improved gastroduodenal co-ordination. Gastroenterology

102:823-8.

1992;

176. Sifrinl D, Janssens J, Vantrappen G. Effect of midecamycin acetate on

gastrointestinal motility in humans. Int J Clin Phann Res. 1992, 12:71-9.

177. Catnach SM, Ballinger AB, Stephens M, Fairclough PD, Trembath RC, Drury PL,

Watkins PJ. Erythromycin induces supra-normal gall bladder contraction in diabetic

autonomic neuropathy. Gut 1993; 34:1 l_3-.J.

191



178. Mizumoto A, Otawa M, Kondo Y, lto Z, Omura S. Effect ofmotilin agonist,

EM-523 on gastrointestinal motility. Journal of the Japanese Surgical Society. 1991;

92" 1208-11.

179. Bonacini N l, Quiason S, Reynolds M, Gaddis M,

intravenous erytl~romycin on postoperative ileus.

1993:88:208-11.

Pemberton B, Smith O.

Am J Gastroenterol

Effect of

180. Tack J. Janssens J, Vantrappen G, Peeters T, Annese V, Depoortere I, Muls E,

Bouillon R. Effect oferythromycin on gastric motility in controls and in diabetic

gastroparesis. Gastroenterology 1992; 103:72-9.

181. Janssens J, Peeters TL, Vantrappen G, Tack J, Urbain JL, DeRoo M, Muls E,

Bouillon R. Improvement of gastric emptying in diabetic gastroparesis by

erythromycin. New Engl J Med 1990;322:1028-31.

182. Inatomi N, Satoh H, Maki Y, Hashimoto N, Itoh Z, Omura S An erythromycin

derivative, EM-523, induces motilin-like gastrointestinal motility in dogs. J

Pharmacol Exp Ther 1989; 251" 707-12:

183. Dragstedt LR, Camp EH. Follow-up gastric vagotomy alone in the treatment of

peptic ulcer. Gastroenterology 1948;11:460-5.

184. Mannell A, McKnight A, Esser JD. Role ofpyioroplasty in the retrosternal Stolnach:

results of a prospective, randomized, controlled trial. Br J Surg 1990:77;57-59.

185. Wong J. Management of carcinoma of the oesophagus: art or science? J R Coil

Surg Edinb 1981 ;26:138-49.

192



186. Belsey RHP. Palliative management of oesophageai carcinoma.

1980~139:789-94.

Am J Surg

187. Ong GB, Kwong KH. The Lewis-Tanner operation for cancer of the oesophagus.

R Coil Surg Edinb 1969;14:13-19.

188. Meau~ell A, Beckert PJ. Evaluation of the results ofoesophagectomy for

oesophageal cancer. Br J Surg 1991; 78" 36-40.

189. Ellis FH, Gibb SP. Esophagogastrectomy for carcinoma.

mad morbidity rates. Ann Surg 1979;190:699-705.

Current hospital mortality

190. Collis JL. The long-term clinical state after resection with gastro-oesophagostomy.

In: Smith RA, Smith RG. eds. Surgery of the Oesophagus. London: , 1972;19-21.

191. Anghom lB. Oesophagogastrostomy without a drainage procedure in oesophageal

carcinoma. Br J Surg 1975:62:601-4

192. du Plessis DJ.

J 1963;471-8.

Gastric mucosal changes after operations on the stomach. S Af Med

193. Hinder RA. The effect of posture on the emptying of the intrathoracic vagotomized

stomach. Br J Surg 1976;63: 581-4.

194. Hanna ED, Harrison AW, Derrick JR. Long-term results of visceral oesophageal

substitutes. Ann Thorac Surg 1967; 3:111-17.

193



195. Parr N J, Grime S, Brownless S, Crichley M, Baxter JN, Mackie CR. Relationship

between gastric emptying of liquid and post-vagotomy diarrhoea. Br J Surg 1988;

75: "~7g R’~

196. Horowitz M, Maddox A, Harding PE et a/. Effect ofcisapride on gastric and

oesophageal emptying in insulin dependent diabetes mellitus. Gastroenterology

1987:92:1890.

197. Carlson RG, Hocking MP, Courington R, Sninsky CA, Vogel SB. Erythromycin

enhances delayed gastric emptying in dogs after Roux-Y antrectomy. Am J Surg

1991:161:31-5.

198.

199.

Janssens J. Peeters TL, Vantrappen Get al. Improvement of gastric emptying in

diabetic gastroparesis by erythromycin. N Engi J Med 1990;322:1029-31.

Heitmiller RF. Jones B. Transient diminished airway protection after transhiatal

oesophagectomy. Am J Surg 1991;162:442-6.

200. Kelly KH. Effect of gastric surgery on gastric motility and emptying. In: LMA

Akkerman’s, AG Johnson, NW Read (Eds.). Gastric and gastro-duodenal motility.

Praeger, Eastbourne 1984, 241-262.

201. Wiley JW. Effect ofcisapride on cholinergic neurotransmission and isolated gastric

smooth muscle cells. In: Gastrointestinal Motility: Focus on cisapride. Eds RC

Heading and JD Wood. Raven Press Ltd, New York 1992 pp73-84

202. Klika L J, Goodman JM. Gastrointestinal tract symptoms from intravenously

administered erythromycin. JAMA 1982; 248:1309.

194



203. Pilot MA, Ritchie HD, Thompson H, Zara GP. Alterations in gastrointestinal

motility associated with erythromycin. Br J Pharmacoi 1984; 81 "168P (abstract).

204. ltoh Z, Nakaya M, Suzuki T, Arai H, Wakabayashi K. Erythromycin mimics

exogenous motilin in gastrointestinal contractile activity in the dog. Am J Physiol

1984,287:G688-94.

205. Depoortere I, Peeters TL, Matthijs G, Vantrappen G. Macrolide antibiotics are

motilin receptor agonists. Hepatogastroenterology 1988;35:198.

206. Bani M, Cosiovich B, Fiorintini F, Sfriso L,Guarneri L Analysis of the motor

stimulathag effect of erythromycin on the gastrointestinal tract in vitro.

Hepatogastroenterology 1988;35"198.

207. Richards RE), Davenport KG, Hurm KD, Wimbish WR, McCallum RW. Acute and

chronic treatment of gastroparesis with erythromycin. Gastroenterology 1990; 98

A385.

208. Mozwecz H, Pavel D, Pitrak D, Orellana P, Schlesinger P, Layden TJ.

ErTthromycin stearate as a prokinetic agent in post-vagotomy gastroparesis. Dig Dis

Sci 1990:35:902-5.

209. Atkin NB. Modal deoxyribonucleic acid value and survival in carcinoma of the

breast. Br Med J 1972; i: 271-2.

210. Auer GU, Caspersson TO, Wallgren AS. DNA content and survival in nlammary

cancer. Analytical and Quantative Cytology 1980; 2:161-5.

195



211. Friedlander ML, Hedley DW, Taylor I W, Russell P, Coates AS, Tattersall MHN.

Influence of cellular DNA content on survival in advanced ovarian carcinoma.

Cancer Res 1984; 44" 397-400.

212. Armitage NC, Robins RA, Evans DF, Turner DR, Baldwin RW, Hardcastle JD. The

influence oftumour cell DNA abnormalities on survival in colorectal cancer. Br J

Surg 1985: 72" 828-30.

213. Jones D J, ~loore M, Schofield PF. Prognostic significance of DNA ploidy in

colorectal cancer: A prospective flow cytometric study. Br J Surg 1988;75:28-33

214. Inokuchi K. Kodama Y, Sasaki O, Kamegawa T, Okamura T. Differentiation of

growth patterns of early gastric carcinoma determined by cytophotometric DNA

analysis Cancer 1983; 51" 1138-41.

Quirke P, Dyson JED. Flow Cytometry: Methodology and Applications in

pathology. J Pathol 1986; 149: 79-87.

216. Sugimachi K, lde H, Okamura T et al. Cytophotometric DNA analysis ofmucosal

and submucosal carcinoma of the oesophagus. Cancer 1984; 53 2683-2687.

217. Matsuura H, Sugimachi K, Ueo H, Kuwano I-l, Koga Y, Okamura T. Malignant

potentiality ofsquamous cell carcinoma of the esophagus predictable by DNA

analysis. Cancer 1986; 57: 1810-14.

218. Kaketani K, Saito T, Kobayashi M. Flow cytometric analysis of nuclear DNA

content in esophageal cancer. Aneuploidy as an index for highly malignant potential.

Cancer 1989; 64: 889-891.

196



210. Edwards JM, Jones D J, Wilkes SJL, Hillier VF, Hasleton PS. PIoidy as a prognostic

indicator in oesophageal squamous carcinoma and its relationship to various

histological criteria. J Pathol 1989; 159: 35-41.

jiO. Hedlev DW, Friedlander ML, Taylor I W, Rugg CA, Musgrove EA. Method tbr

analysis of cellular DN A content o f paraffin-embedded pathological material using

flow cytometry. J Histochem Cytochem 1983; 31 1333.

221. Domlan T, Walsh TN, Droogan O, Curran B, Hourihane DOB, Hennessy TPJ,

Leader M. DNA quantification of squamous cell carcinoma of the oesophagus by

flow cytometry and image analysis using formalin fixed paraffin embedded tissue.

Cytometry 1992: 13: 886-892.

222. Franzen G, Klintenberg C, Olofsson J, Risberg B. DNA measurement - An objective

predictor of response to irradiation? A review of 24 squamous cell carcinomas of

the oral cavity. Br J Cancer 1986; 53: 643-51.

~-_3 Goldsmith MM, Cresson DS, Postma DS, Askin FB, Pillsbury HC. Significance of

ploidy in laryngeal Cancer. Am J Surg 1986; 152: 396-402.

224. Gayet B, Vons C, Molas G, Belghiti J, Fekete F. Superficial squamous cell

carcinoma of the esophagus: An early lesion of good prognosis? A report of 58

patients resected. In: Diseases of the Esophagus. Volume 1 Malignant Diseases. Eds

MK Ferguson, AG Little, DB Skinner. Futura Publishing Company, Mount Kisko,

NY 1990. Pp 117-124.

225. Okura S, Nabeya K, Hanaoka T, Onozawa K, Ri S. Nyumura T. Studies on

growing time of esophageal cancer. In: Diseases of the Esophagus. Volume 1

197



Malignant Diseases. Eds MK Ferguson, AG Little, DB Skinner. Futura Publishing

Company, Mount Kisko, NY lq90. Pp 61-68.

226. Ushio K, Shima Y, Gotoh tt, et ul. Growth ,and progression ofcolorectal cancer:

Retrospective study based on roentgenologic findings. Stomach and Intestine

1985;20: 843.

227. Matsuura A, Kobayashi S, Kasugai T. Growth ofcolorectal cancer based on review

of follow-up cases. Stomach and Intestine 1985; 20: 859.

228. Kori T, Yamashita S, Shimamoto K et al. The growth and propagation of gastric

cancer in the human body. The Saishin-lgaku 1969; 24:471.

229. Sanekata K, NishiHira T, Kasai M. The prognostic value of flow cytometric DNA

analysis in human esophageal carcinomas. In: Diseases of the Oesophagus; Eds JR

Siewert and AH Holscher. Springer-Verlag Berlin 1988; 81-84.

230. Minami T, Yamana H, Shirozu Get al. DNA histogram in esophageal carcinoma

measured by flow cytometry. In: Diseases of the Esophagus, Volume 1. Malignant

Diseases Eds MK Ferguson, AG Little and Skinner DB. Futura Publishing

Company, Inc., New York, 1990: 53-60.

231. Ohno S, Korenaga D, Kuwano H, Mori M, Sugimachi K. DNA aneuploidy

assessment of the effectiveness of hyperthermo-chemo-radiotherapy for esophageal

carcinoma. Cancer 1989; 63: 1951-1955.

232. Stephens JK, Bibbo M, Dytch H, Maiorana A, Ruol A, Little AG. Correlation

between automated karyometric measurements of squamous cell carcinoma of the

esophagus and histologic and clinical features. Cancer 1989; 64: 83-87.

198



233. Berkhoff W, Doermer A, Grunwald S, Fabian W. Chirurgische Behandlung des

Kardia- trod Oesophagus-karzinonla. Fortschr Med 1980;98:21-3.

Dark JF, Mousalli H, Vaughan R. Surgical treatment of carcinoma of the

oesophagus. Thorax 1981:36:891-5.

235. Fekete F, Gayet B, Langonnet F.

Surg Sci 1987:17:15-20.

Radicality in esophageal cancer surgery. Ital J

236. Ellis FH, Gibb SP, Watkins E. Overview of the current management of carcinoma of

the esophagus and cardia. Can J Surg 1985; 28:493-501.

237. Isono K. Sato H. nakayama K. Result of a nationwide study on the three field lymph

node dissection ofoesophageal cancer. Oncology 1991 ;48:411-6.

238. Adelstein DJ. Rice TW. Boyce GA. Sivak MV. Van Kirk MA. Kirby TJ. van

Stolk RU. Bukowski RM. Adenocarcinoma of the esophagus and gastroesophageal

junction. Clinical and pathologic assessment of response to induction chemotherapy.

Am J Clin Oncol. 1994;17:14-8.

239. Ajani JA. Roth JA. Ryan B. McMurtrey M. Rich TA. Jackson DE. Abbruzzese

JL. Levin B. DeCaro L. Mountain C. Evaluation ofpre- and postoperative

chemotherapy tbr resectable adenocarcinoma of the esophagus or gastroesophageal

junction. J Clin Oncol. 1990;8" 1231-8.

240. Whittington R, Coia LR, Hailer DG, Rubenstein JH, Rosato EF. Adenocarcinoma of

the esophagus and esophago-gastric junction: the effects of single and combined

199



modalities on the survival and patterns of failure following treatment, lnt J Rad

Oncol, Biol, Phys. 1990:19:593-603.

241. Gill PG, Jamieson GG, Denham J, Devitt PG, Abroad A, Yeoh E, Jones AM.

Treatment of adenocarcinoma of the cardia with synchronous chemotherapy and

radiotherapy. Br J Surg 1990;77:1020-1023

242. Coia LR, Paul AR, Engstrom PF. Combined radiation and Chemotherapy as Primary

Management of Adenocarcinoma of the esophagus and gastro-oesophageal Junction.

Cancer 1988;61:643-49.

243. Ajani JA. Roth JA. Ryan MB. Putnam JB. Pazdur R. Levin B. Guttennan JU.

McMurtrey M. Intensive preoperative chemotherapy with colony-stimulating factor

for resectable adenocarcinoma of the esophagus or gastroesophageal junction. J Clin

Oncol 1993:11:22-8.

244. Urba SG, Orringer MB, Perez-Tamayo C, Bromberg J, Forastiere A. Concurrent

preoperative chemotherapy and radiation therapy in localized esophageal

adenocarcinoma. Cancer 1992; 69:285-91.

245. Carey RW, Hilgenberg AD, Choi NC, Mathisen D J, Grillo HC, Wain JC, Logan DL,

Bromberg C. A pilot study ofneoadjuvant chemotherapy with 5-fluorouracil and

cisplatin with surgical resection and postoperative radiation therapy and/or

chemotherapy in adenocarcinoma of the esophagus. Cancer 1991; 68:489-92.

246. Saltz L, Kelsen D.

esophageal cancer.

Combined-modality therapy’ in the treatment of local-regional

Ann Oncol 1992; 3:793-99.

200



247. Freedman LS. Tables of the number of patients required in clinical trials using the

logrank test. In: Statistics in Medicine, Vol 1. 1982:121-129.

248. Husemmm B. Preoperative radiotherapy or chemotherapy, ln:Giuli R, Ed.

of the Esophagus in 1984. Paris: Maloine SA. Editeur 1984, 55-58.

Cancer

249. B vfield JE. Combined modality infusional chemotherapy with radiation. In:Lokich

JJ. ed. Cancer chemotherapy by infusion. 2nd ed. Chicago: Presept Pres,

1090:521-551.

250.

251.

Maeta lXl, Koga S, Kanayama H, Murakami A. Does preoperative radiation fbr

thoracic esophageal cancer promote intramural lymphatic invasion. Jpn J Surg

1986:2:84-90.

Mukaida H, Toi M, Hirai T, Yamashita Y, Toge T. Clincal significance of the

expression of epidermal growth factor and its receptor in oesophageal cancer.

Cancer 1991:68:142-8.

Yano H, Shiozaki H, Kobayashi K, Yano T, Tahara H, Tamura S, et al.

Immunohistologic detection of the epidermal growth factor receptor in human

esophageal squamous cell carcinoma. Cancer 1991 ;67:91-8

253. Jain S, Filipe M1, Hall PA, Wareem N, Lane DP, Levison DA. Prognostic value of

proliferative cell nuclear antigen in gastric carcinoma. J Clin Pathol 1991:44:655-9.

254. Sainsbury JRC, Farndon JR, Needham GK, Malcohn A J, Harris AL.

Epidermal-growth-factor-receptor status as predictor of early recurrence of and

death from breast cancer. Lancet 1987:1"1398-402.

201



255. Mayer A, Takimoto M, Fritz E, Schellander G, Kofler K, Ludwig H. The

prognostic significance of prolitbrating cell nuclear antigen, epidermal growth factor

receptor, and MDR gene expression in colorectal cancer. Cancer 1993;81:2454-60.

256. Veale D, Kerr N, Gibson G J, Kelly P J, Harris AL. The relationship of quantitative

epidermal growth factor receptor expression in non-small cell lung cancer to long

term survival. Br J Cancer 1993;68:162-5.

257. Woods AL. Hall PA, Shepherd NA, Hanby AM, Waseem NH, Lane DP, et al. The

assessment of proliferating cell nuclear antigen (PCNA) immunostaining in primary

gastrointestinal lymphomas and its relationship to histological grade, S + G2 + M

phase fraction (flow cytometric analysis) and prognosis. Histopathology

1991:19:21-7.

258. Yu CW. Hall PA, Fletcher CMD, Champlejohn RS, Waseem NH, Lane DP, et al.

Haemangiopericytomas: the prognostic value of hnmunohistochemical staining with

a monoclonal antibody to proliferating cell nuclear antigen (PCNA). Histopathology

1991;19:29-33.

259. Edwards JM, Hillier VF, Lawson RAM, Moussali H, Hasleton PS. Squamous

carcinoma of the oesophagus: histological criteria and their prognostic significance.

Br J Cancer 1989;59:429-33.

260. Patil P, Redkar A, Patel SG, Mistry RC, Deshpande RK, Mittra I, et al. Prognosis

of operable squamous carcinoma of the esophagus. Cancer 1993;72:20-4.

202



IHH

ill- H .H .

i i l ..

i lull i Ill

.,11 ,, 1,
¯ H,

liI

~L

ill

ill ,.

ii
i^ iI
’Ill’

i lu

i ill

h
uI

II
i’1,



m
’11

’ -    :i:’

, ,,,

r

i i-~’ ¯ ~m,p_ i.|~"~" ,IfVi~-_. ~ ~.~... ’ ....




