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Series foreword

Imaging has become pivotal in all aspects of the management of patients with

cancer. At the same time, it is acknowledged that optimal patient care is best

achieved by a multidisciplinary team approach. The explosion of technological

developments in imaging over the past years has meant that all members of the

multidisciplinary team should understand the potential applications, limitations,

and advantages of all the evolving and exciting imaging techniques. Equally, to

understand the significance of the imaging findings and to contribute actively to

management decisions and to the development of new clinical applications for

imaging, it is critical that the radiologist should have sufficient background knowl-

edge of different tumors. Thus the radiologist should understand the pathology,

the clinical background, the therapeutic options, and prognostic indicators of

malignancy.

Contemporary Issues in Cancer Imaging: A Multidisciplinary Approach aims to

meet the growing requirement for radiologists to have detailed knowledge of the

individual tumors in which they are involved in making management decisions. A

series of single subject issues, each of which will be dedicated to a single tumor site,

edited by recognized expert guest editors, will include contributions from basic

scientists, pathologists, surgeons, oncologists, radiologists, and others.

While the series is written predominantly for the radiologist, it is hoped that

individual issues will contain sufficient varied information so as to be of interest to

all medical disciplines and to other health professionals managing patients with

cancer. As with imaging, advances have occurred in all these disciplines related to

cancer management and it is our fervent hope that this series, bringing together

expertise from such a range of related specialties, will not only promote the

understanding and rational application of modern imaging but will also help to

achieve the ultimate goal of improving outcomes of patient with cancer.

Rodney H. Reznek
London

Janet E. Husband
London
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Preface to Carcinoma of the Esophagus

Esophageal cancer is a relatively uncommon but highly lethal malignancy. The

incidence of adenocarcinoma is rapidly increasing, and improved survival will depend

on prevention, earlier diagnosis, improved staging, and appropriate treatment.

As is the case with other malignancies, it is the multidisciplinary team approach

toward patient care that determines the appropriate management of patients with

esophageal cancer. For this approach to be effective, it is essential for all members

of the multidisciplinary team to understand the role of imaging in esophageal

cancer, its advantages, and limitations. Equally, it is vital for the radiologist to

appreciate the clinical context of the imaging.

This volume provides a detailed review of new endoscopic methods of diagnosis,

staging using both conventional and functional imaging, and assessment of surgi-

cal and medical methods of therapy.

Sheila C. Rankin
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Epidemiology and Clinical Presentation
in Esophageal Cancer
Satvinder S. Mudan and Jin-Yong Kang

Introduction

The esophagus begins at the level of the cricopharyngeus and traverses the length

of the neck to pass through the mediastinum. It then pierces the right crus of

the diaphragm and after a short abdominal component joins the stomach at the

cardia. For descriptive purposes the esophagus is referred to as cervical (�6 cm),

thoracic (�25 cm), and abdominal (�4 cm). Surgeons often refer to the esophagus

in divisions of one-third, upper, middle, and distal, as this better relates to the

operative options in esophagectomy.

Although not as common as cancer of other sites such as prostate, breast, and

colorectum, esophageal cancer has a high lethality rate, the incidence being close to

the cancer-specific mortality. Thus, in the USA in 2006, esophageal carcinoma was

the 15th commonest cancer, with an estimated 14 550 cases, but it had the 8th

highest mortality rate, with an estimated 13 770 deaths [1].

Esophageal cancer is remarkable for its marked variation by geographical region,

ethnicity, and gender. There is a greater than tenfold difference in incidence rates

between countries with a low incidence, for example, the United States, and those

with a high incidence such as high-risk areas in Iran and China [2]. More than 90%

of esophageal cancers are either squamous cell carcinomas (SCCs) or adenocarci-

nomas, with other tumor types such as melanomas, stromal tumors, lymphomas,

or neuroendocrine cancers occurring only rarely in the esophagus. Most esopha-

geal cancers occur in the lower and middle thirds, the cervical esophagus being an

uncommon site of disease.

Although the presentation of SCC and adenocarcinoma of the esophagus in the

patient are similar, the epidemiology, etiologoy, tumor biology, treatment strate-

gies, and outcomes are quite different, and they are really two different diseases that

occur in the same organ [3,4] (Table 1.1).

Carcinoma of the Esophagus, ed. Sheila C. Rankin. Published by Cambridge University Press. # Cambridge
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Epidemiology

The epidemiology of esophageal cancer in the Western world has changed drama-

tically over the last two decades. Up until the 1970s most esophageal cancers

were of the squamous cell type, affecting mostly elderly men drawn from the

poorer social classes and influenced by smoking and alcohol consumption. Since

then there has been a dramatic increase in the incidence of adenocarcinoma,

which tends to affect more affluent white men, often in their most productive

years of life [2].

Squamous cell carcinoma

SCC of the esophagus remains in the top ten of cancers globally and represents a

major healthcare problem. The marked geographical variation in incidence sug-

gests that environmental factors are paramount in its causation. High-incidence

Table 1.1 Squamous cell carcinoma and adenocarcinoma of the esophagus:

epidemiology, etiology, and symptoms

Squamous cell carcinoma Adenocarcinoma

Age 60–70 years, median 62.6 years 50–60 years, median 53.4 years

Sex Male dominant, lower socioeconomic

group

Male dominant, middle or upper

socioeconomic group, 52% are

university graduates

Associations Head and neck cancer, smoking, alcohol

excess and liver dysfunction, radiation

exposure, achalasia, poor nutritional

status, human papillomavirus (HPV)

infection, Helicobacter pylori infection,

Plummer–Vinson syndrome, tylosis

palmaris, lye ingestion

Barrett’s esophagus, gastroesophageal

reflux disease, hiatus hernia,

obesity, scleroderma, family history

Location Mostly midesophagus (75% at level

of tracheal bifurcation) and with a

prominently linear growth pattern

and wider nodal spread

Almost always distal one-third of

esophagus (94% entirely subcarinal)

and radial growth pattern with

early local nodal dissemination

Symptoms

and wider

nodal

spread

Progressive dysphagia, odynophagia,

halitosis, unintentional weight loss,

chest pain

Progressive dysphagia, odynophagia,

halitosis, unintentional weight loss,

chest pain
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regions of the world such as Southern and Eastern Africa, and a central Asian belt

passing from Turkey through countries such as Iraq, Iran, and Kazakhstan and on

to Northern China, are marked out by poverty and other poverty-related illnesses.

The incidence in high-risk provinces can reach up to 100/10 000 per year compared

to 5–10/10 000 per year in Western countries [2]. In the USA, SCC is more

common among black people than among white people, but incidence rates have

fallen by half across both groups between 1970 and 2000, with incidence rates of

approximately 2/100 000 for white males and 10/100 000 for black people in 2000

[1,2,5]. These figures are probably related to increasing levels of wealth and

education and reduction in exposure to causative agents.

The male : female ratio is 3:1 except in high-incidence areas where the distribu-

tion is more equal and reflects an equal exposure to risk factors [6]. Regional,

socioeconomic, and racial variation within a country is demonstrated by a higher

incidence of SCC in low income and low socioeconomic groups [5,7,8].

Adenocarcinoma

The last 30 years have seen a dramatic fall in the incidence of noncardia gastric

cancer and, as mentioned earlier, a decline or stabilization in the incidence of SCC

of the esophagus in Western countries [9,10,11,12,13]. Over the same period the

age-standardized incidence of adenocarcinoma of the lower esophagus, previously

a rare disease with incidence <1/100 000, has risen more rapidly than any other

malignancy in the Western world. Since the mid 1990s its incidence has exceeded

that for SCC [14,15,16]. The rise in incidence is most marked in the white male

population, reaching about 5/100 000 for the white males in North America and

8–12/100 000 for white males in the highest incidence countries of Australia and

the UK [7,13,17,18,19,20,21,22]. This represents an increase of about 400–800%

from the 1970s and is about four times greater than the incidence for black males

in the United States. The trend is similar for other North European countries

[10,23,24,25]. Not only is the incidence higher in white males, but the annual

increase in incidence,�10% per year, is higher than for other racial groups and for

white females, leading to an increasing sex and racial ratio [17,26,27]. The demo-

graphic distribution shows an age peak at 50–60 years and a male : female ratio

between 2:1 and 12:1 [23]. Although it is possible that improved anatomic classi-

fication and histological verification might account for some of the time trends

noted, the rapid changes point to a newly acquired etiological risk factor

[10,13,14].

Epidemiology and Clinical Presentation in Esophageal Cancer 3



Etiology

Squamous cell carcinoma

Many of the environmental factors associated with a high incidence of SCC of the

esophagus relate to poor socioeconomic circumstances. A diet rich in preserved

and pickled foods and low in fresh fruit and vegetables, vitamin and mineral

deficiencies, and a thermal effect of hot food and beverages have all been impli-

cated. Alcohol intake and smoking are also strongly associated with an increased

risk of SCC of the esophagus [28,29,30,31]. The risk is thought to be dose related

and the genetic changes brought about by chronic exposure to causative agents

lead to a progression through epithelial dysplasia and carcinoma in situ to invasive

cancer [32]. After several years of cessation of exposure to irritant factors, such as

smoking and alcohol, risk is substantially reduced [33]. Conditions such as caustic

ingestion and achalasia of the cardia, which are associated with chronic mucosal

inflammation, also predispose to SCC of the esophagus.

Adenocarcinoma

The recent and rapid escalation in incidence of esophageal adenocarcinoma would

seem to suggest a mostly environmental rather than genetic effect. While a number

of factors including race, obesity, use of esophageal sphincter-relaxing drugs,

smoking, and alcohol consumption have all been incriminated as possible etiolo-

gical factors in esophageal adenocarcinoma [34,35,36,37,38], many cohort studies

have pointed strongly to gastroesophageal reflux and Barrett’s disease (Barrett’s

esophagus) as a causative factor [39,40].

There is a strong dose–response relationship between previous gastroesophageal

reflux symptoms and esophageal adenocarcinoma, but the relationship to cardia

cancer is weaker [40]. Wu et al. demonstrated a threefold increase in esophageal

cancer and a doubling in cardia cancer with reflux symptoms [41]. The relationship

between adenocarcinoma of the lower esophagus and adenocarcinoma of the cardia

is less clear. Siewert et al. have separated adenocarcinoma occurring at or near the

gastroesophageal junction into three groups depending on the anatomic relation to

the gastroesophageal junction. Type 1 tumors represent cancers of the lower eso-

phagus, mostly arising in Barrett’s esophagus. Type 2 and 3 tumors represent true

cardia and proximal gastric cancers, respectively [42], and while their incidence has

risen in recent decades, the changes are not as marked as for true lower esophageal

adenocarcinoma that are associated with Barrett’s esophagus, Type I. The clinical
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behavior and treatment of type 2 and 3 tumors are more like those of gastric

carcinoma [43,44].

Gastroesophageal reflux leads to columnar cell metaplasia in the distal esopha-

geal epithelium, a condition known as Barrett’s esophagus. This increases the risk

of developing esophageal adenocarcinoma 30- to 60-fold. The squamous cell

epithelium of the normal esophagus is replaced with a mature columnar-type

epithelium, with Barrett’s mucosa being derived from pleuripotential cells in the

basal layer of the esophageal epithelium [45,46,47]. The presence of goblet and

pregoblet cells is a requisite for intestinal metaplasia, which is associated with the

increased risk of malignant transformation. The probable driver toward metaplasia

is that the columnar epithelium is more tolerant of refluxate and the progression to

columnar metaplasia is a function of the refluxate content and periodicity [34].

Metaplasia of fundic- or cardiac-type gastric mucosa not involving the presence of

goblet cells is thought to carry a lower risk of malignant transformation. Most cases

of distal esophageal adenocarcinomas (90%) are thought to arise in the setting of

Barrett’s esophagus [48]. In other words, the risk of malignant transformation is

greatly elevated in patients with Barrett’s esophagus and much less elevated in patients

with reflux esophagitis or nonerosive gastroesophageal reflux without Barrett’s

esophagus. Solaymani-Dodaran et al. reported relative risks for developing eso-

phageal adenocarcinoma of 29.8 for Barrett’s esophagus, 4.5 for reflux esophagitis,

and 3.1 for gastroesophageal reflux without Barrett’s esophagus or reflux esopha-

gitis [39]. A patient with Barrett’s esophagus has a 5% lifetime risk of developing

esophageal adenocarcinoma. The risk of transformation from benign intestinal

epithelium in Barrett’s esophagus to dysplasia and then adenocarcinoma is related to

the length of Barrett’s epithelium lining the esophagus, duration of reflux disease,

and presence of a hiatus hernia [49,50,51]. The risk of transformation may be

mitigated by antireflux surgery, but the evidence is not strong enough to recom-

mend this as a strategy for cancer prevention. Molecular markers of high risk are

recognized but do not as yet form part of routine practice [52,53,54,55].

Dysplasia is classified as low or high grade and is characterized by the degree of

hyperchromasia, nuclear : cytoplasm ratio, and glandular atypia. High-grade dys-

plasia is considered as indicative of at least an intraepithelial malignancy. About

one-third of patients with high-grade dysplasia at biopsy will have invasive disease

evident on a resection specimen. In population terms Barrett’s esophagus is a

common condition, occurring in 0.45–2.2% of all patients undergoing upper GI

endoscopy, about 12% of patients undergoing endoscopy for reflux symptoms,

and about 0.3% in unselected autopsy series [56]. While excess exposure to acid is

Epidemiology and Clinical Presentation in Esophageal Cancer 5



demonstrable in most patients with Barrett’s esophagus, progression to dysplasia is

more likely in patients with alkaline or bile-containing duodenogastric reflux

rather than those with pure acid reflux [57,58].

Several other potential causative factors have been evaluated. The incidence of

esophageal adenocarcinoma has increased since the introduction of powerful acid

suppressants such as histamine-2 receptor antagonists and proton pump inhibi-

tors, but the lead time for carcinogenesis probably precludes these agents as

etiological agents and the association is likely to reflect the use of these agents

to treat symptoms of reflux in patients already at increased risk of developing

esophageal adenocarcinoma. Drugs that reduce the lower esophageal sphincter

tone, e.g., anticholingergics, nitroglycerin, beta-adrenergic agonists, aminophyl-

line, and benzodiazepines, have all been implicated through increasing the poten-

tial for reflux [36]. Reduction in intragastric acidity through gastric mucosal

atrophy-induced hypochlorhydria from Helicobacter pylori infection may be

another factor in the promotion of distal esophageal SCC, while its carcinogenic

effect in noncardia gastric cancer is well recognized. By contrast, Helicobacter pylori

infection, especially of the cagAþ strain, may have a protective effect against esopha-

geal adenocarcinoma [59,60]. The role of diet is controversial, and while there appears

to be an association with noncardia gastric cancer, the link to esophageal cancer is

not so clear [61,62,63,64]. The relationship to smoking is less clear than that for SCC.

Increased abdominal pressure brought about by central obesity, sedentary posture,

and tight belts has also been implicated [37,65], although a high body mass index

appears to be an independent risk factor for adenocarcinoma but not SCC [38].

Familial clustering has been demonstrated in Barrett’s esophagus and adeno-

carcinoma of the esophagus, but no ‘‘Barrett gene’’ has been identified, and it is not

clear whether the familial tendency represents a genetic predisposition or merely

the effect of similar lifestyle factors among family members [66].

The carcinogenic pathway from Barrett’s mucosa involves a multistep alteration

in the genotype, loss of regulatory function, induction of proinflammatory

enzymes such as cyclooxygenase-2, and angiogenesis. Consequently, chemopre-

vention and treatment through the use of therapies directed at specific molecular

targets has been postulated [67].

Clinical presentation

The majority of symptomatic patients turn out to have advanced disease. Presenting

symptoms are similar for SCC and adenocarcinoma. The most common are

6 S. S. Mudan and J.-Y. Kang



dysphagia and odynophagia (i.e., pain on swallowing). The pliability of the esopha-

gus is such that dysphagia occurs when the lumen is obstructed by about 75% of the

circumference, although a small tumor may cause a tight stenosis through intense

fibrosis. Chronic cough secondary to laryngopharyngeal reflux may be an early

marker of malignant transformation in Barrett’s esophagus [68]. Hoarseness or

Horner’s syndrome usually implies invasion of the recurrent laryngeal nerve or

cervical ganglia, and such patients are almost always inoperable. Cervical or supra-

clavicular lymphadenopathy is indicative of distant spread and indicates inoper-

ability in adenocarcinoma. It is present in about one-third of SCCs, and resection

with curative intent might still be considered in this disease with radical three-field

node dissection, in particular for mid- or upper-third tumors [68].

Prognosis

While some rare esophageal tumors such as lipomas or smooth muscle tumors

have a good outlook, the prognosis for SCC and adenocarcinoma of the esophagus

is poor with an overall tumor-specific lethality rate of�0.95 [69]. Survival appears

comparable across age groups, but females appear to have better outcomes. For

patients undergoing operations with curative intent, the 5-year survival ranges

from 5 to 20%. Large tumors, nodal involvement, and extracapsular nodal spread

are all strong prognostic factors for poor outcome [70]. Progression of nodal

disease to subdiaphragmatic sites is generally considered to carry the same prog-

nostic significance as distant metastases, although long-term survival with resec-

tion of celiac nodes is possible. It is likely that micrometastases in lymph nodes and

sites such as bone marrow behave in a way different from clinically obvious disease.

Whether the type of operation performed affects outcome is uncertain. Tumor

location in the upper esophagus predicates for a poor operative risk. Since most

SCCs are either mid or upper esophageal cancers and other comorbidities such as

age, chronic respiratory disease, liver disease, and poor nutrition are common, the

immediate results of surgery are consistently worse for SCC than for adenocarci-

noma [4,71,72]. Resections with microscopic positive surgical margins consis-

tently perform worse than those with negative margins.

Cancer-specific outcomes have improved [73] in the last two decades through

reduced surgical morbidity and mortality brought about by improvement in the

perioperative care, multidisciplinary collaboration, and the use of multimodal

therapies [74]. Although no survival advantage has been consistently demonstrated

by adjuvant chemotherapy in resected esophageal cancer and trials of neoadjuvant

Epidemiology and Clinical Presentation in Esophageal Cancer 7



chemotherapy or chemoradiotherapy are inconsistent, a large recently published

British Medical Research Council study (ST-02 MAGIC study) demonstrated a

significant tumor-specific survival advantage [75,76,77,78], and a distal esophageal

location and a measurable response to preoperative chemotherapy appear to

identify a favorable group [74,79,80,81]. Strategies based on identification of

high-risk individuals allowing surveillance by endoscopy or molecular markers

and for those progressing to cancer-targeted therapies with newer systemic agents

and pretreatment response prediction are awaited [67,82,83,84,85].

Conclusions

The epidemiology of esophageal cancer is rapidly changing. In Western countries,

adenocarcinoma of the lower esophagus has overtaken the previously more pre-

valent SCC. The divergent etiology and tumor behavior between the two diseases

require different prevention and treatment strategies. Until its etiology becomes

better understood, the continued rise in incidence of esophageal adenocarcinoma

presents a significant healthcare problem in Western countries. Better identifica-

tion of those at risk, e.g., individuals with Barrett’s esophagus, might allow more

effective screening policies. At present, surgery, when possible, represents the only

potentially curative modality, but results remain poor and we await improvements in

outcome through incorporation of therapies directed at novel cellular and molecular

targets.
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Pathology of Esophageal Cancer
Harriet M. R. Deere

Introduction

Worldwide, squamous cell carcinoma is the most common malignant epithelial tumor

of the esophagus. The majority of remaining tumors are adenocarcinomas, the inci-

dence of which has been increasing dramatically in the last few decades in the Western

world. Rarely, adenosquamous carcinoma and small cell carcinoma may occur.

This chapter will focus on the morphologic features of esophageal carcinoma

and associated precursor lesions.

Histopathology of tumor types

Squamous cell carcinoma

Precursor lesions – hyperplasia and dysplasia

Squamous cell carcinoma is thought to develop through a multistep process from

basal hyperplasia due to chronic esophagitis through increasing severity of dyspla-

sia to invasion [1].

Dysplasia is defined as the presence of unequivocal neoplastic cells confined to

the epithelium. It is seen more commonly in high cancer risk areas, e.g., China [2],

is frequently seen adjacent to invasive carcinomas, and is often multifocal [3].

Traditionally, dysplasia has been classified as mild, moderate, or severe (and

carcinoma in situ). More recently, a two-grade system for dysplasia in the gastro-

intestinal tract is preferred, with mild and moderate atypia being classed as low

grade and severe dysplasia and carcinoma in situ as high grade.

The risk of carcinoma rises with increasing severity of dysplasia. A recent study

from China has shown a relative risk of 2.9 for mild dysplasia, 9.8 for moderate,

28.3 for severe, and 34.4 for carcinoma in situ at 13 years follow-up [4].
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Macroscopic appearance

At endoscopy, dysplastic epithelium may have an erythematous, friable appearance

or be associated with erosions, nodules, or plaques [5]; however, it may appear

normal.

Microscopic appearance

Dysplastic squamous epithelium shows cytological and architectural atypia, which

varies in severity according to the grade. Architectural atypia refers to disorganiza-

tion and loss of polarity of the cells and lack of surface maturation. Cytologically,

the cells exhibit nuclear hyperchromasia (dark staining due to increased DNA),

increased nuclear/cytoplasmic ratio, pleomorphism, and increased mitotic activity

(Figure 2.1a and b).

Invasive squamous cell carcinoma

About 50–60% of squamous cell carcinomas occur in the middle third of the

esophagus, approximately 30% occur in the lower third, and 10–20% in the upper

third [6]. Squamous cell carcinomas are separated into superficial (early) and

advanced tumors. Superficial tumors do not infiltrate beyond submucosa and

may or may not have lymph node metastases. The incidence of superficial carci-

noma is increasing, particularly in high-risk areas with screening programs. It

accounts for 10–20% of tumors in Japan and less than 1% in Europe [7].

Macroscopic appearance

Superficial tumors may be plaque-like, polypoid, depressed, or occult [8].

Advanced tumors are exophytic (60%), ulcerating (25%), or infiltrative (15%). A

(a) (b)

Figure 2.1 Squamous dysplasia of the esophagus: (a) mild dysplasia and (b) severe dysplasia.
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combination of these patterns may be seen. Intramural metastases due to intra-

mural lymphatic spread are found in 11–16% of cases [9,10], and multiple primary

tumors are found in 14–31% of patients [11,12] (Figure 2.2).

Microscopic appearance

Squamous cell carcinoma is graded as well, moderately or poorly differentiated.

Well-differentiated tumors show well-formed cell nests, squamous pearls with

keratinization, and intercellular bridges. As tumors become less well differentiated

the proportion of basaloid cells increases, there is increased nuclear pleomorphism

and mitotic activity and loss of keratinization and prickle cells (Figure 2.3a and b).

Approximately two thirds of tumors are moderately differentiated, but it is

common for there to be a variation in the degree of differentiation within a tumor.

Approximately 20–30% of tumors show focal glandular differentiation [13,14].

Focal neuroendocrine (small cell) differentiation is also sometimes seen [15].

Rare variants

Basaloid squamous cell carcinoma is similar to the tumor that more often occurs in

the upper aerodigestive tract. Tumors are usually advanced at presentation.

Prognosis appears similar to typical squamous cell carcinoma [16].

Spindle cell carcinoma (carcinosarcoma) usually presents as a large polypoid mass

in the middle or lower third. Typically the tumors are biphasic, with conventional

Figure 2.2 Infiltrative ulcerated squamous cell

carcinoma. Case provided by Dr. F. Chang, London,

United Kingdom.
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squamous cell carcinoma admixed with spindle cells showing variable differentiation.

Presentation is often at an earlier stage due to the intraluminal growth. Prognosis is

comparable to conventional squamous cell carcinoma of the same stage [17].

Verrucous squamous cell carcinoma presents as an exophytic papillary tumor. It is

a very well-differentiated tumor that is notoriously difficult to diagnose on biopsy.

Metastasis is rare; however; prognosis is poor as these tumors are locally aggressive

and fistula formation may occur [18].

Differential diagnosis

It may sometimes be difficult to distinguish between reactive atypia due to infla-

mmation and both dysplasia and invasive carcinoma, particularly on subopti-

mally orientated biopsy material. Chemoradiotherapy may also cause epithelial

atypia. Reactive stromal cells in areas of ulceration may be worrying for malig-

nancy, especially if there has been previous chemoradiotherapy. Cytokeratin stain-

ing is helpful in this situation as carcinoma is typically positive and mesenchymal

cells are negative.

Adenocarcinoma

Precursor lesions – Barrett’s esophagus and dysplasia

The most significant risk factor for adenocarcinoma is Barrett’s esophagus.

Rarely, esophageal adenocarcinoma may arise from heterotopic gastric tissue

[19,20] or the submucosal glands [21] and has a similar morphology to the

Barrett’s associated tumors.

(a) (b)

Figure 2.3 Squamous cell carcinoma: (a) well-differentiated squamous cell carcinoma and (b) poorly

differentiated squamous cell carcinoma composed mainly of basaloid cells.
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Barrett’s esophagus refers to replacement of the normal esophageal squamous

epithelium by metaplastic columnar epithelium as an acquired response to chronic

acid and bile reflux. Three main types of columnar mucosa may be present and

frequently coexist. The epithelium may be of junctional/cardiac type, gastric fundic

type, or intestinal type with goblet cells (Figure 2.4).

It is the intestinal metaplastic epithelium that is a significant risk factor for

malignancy.

The American College of Gastroenterology’s definition of Barrett’s esophagus is

‘‘a change in the esophageal epithelium of any length that can be recognized at

endoscopy and is confirmed to have intestinal metaplasia by biopsy’’ [22]. In the

United Kingdom, expert pathological opinion is that the identification of intestinal

metaplasia should not be required for diagnosis and that the eponym Barrett’s

esophagus should be replaced by the term columnar-lined esophagus (CLE) [23].

The British view is that the absence of intestinal metaplasia on biopsy may be due

to sampling error, as it has been shown that its demonstration is related to the

number of biopsies taken [24].

Histological diagnosis of CLE requires close correlation with the endoscopic find-

ings, as the microscopic features are not always pathognomonic. Biopsies are diag-

nostic for CLE when native esophageal structures, e.g., esophageal gland ducts are

present, but these are only seen in approximately 15% of biopsies [25]. In their absence

the pathologist can only corroborate the endoscopic diagnosis if columnar mucosa is

present. Biopsy from the gastroesophageal junction or from a hiatus hernia, with or

without intestinal metaplasia, may have a similar appearance. It is also important to

distinguish between CLE and microscopic intestinal metaplasia at the cardia.

There have been conflicting results from studies looking at cytokeratin (CK7/20)

staining patterns that may help distinguish CLE from intestinal metaplasia at the

gastroesophageal junction/stomach [26,27,28].

Figure 2.4 Columnar-lined esophagus. Columnar-

lined esophagus with residual islands of squamous

epithelium and intestinal metaplasia.
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The metaplastic epithelium is thought to originate from multipotential stem cells.

The precise location of these cells is unclear; however, the gland ducts and basal

epithelial layer are likely [29,30]. A distinctive multilayered epithelium with features

of both squamous and columnar epithelium has been described and may represent a

transitional phase in the conversion of squamous epithelium to CLE [31].

Approximately 5% of patients with CLE develop dysplasia, which is classified as low

or high grade. An ‘‘indefinite for dysplasia’’ category is used for cases where it is not

possible to distinguish between true dysplasia and reactive atypia due to inflammation.

Adenocarcinoma is found in 30–50% of resection specimens from patients with

a biopsy diagnosis of high-grade dysplasia [32,33,34]. It is recommended that two

pathologists confirm the diagnosis of high-grade dysplasia prior to treatment, one

of whom should ideally be an expert gastrointestinal pathologist. Low-grade

dysplasia may persist, regress to nonneoplastic metaplasia, or progress to high-

grade dysplasia or carcinoma. High-grade dysplasia may also regress to low-grade

dysplasia, but the majority of cases progress to carcinoma within 4 years [35,36].

Recent research has led to a greater understanding of the molecular alterations

involved in neoplastic progression. Proliferation markers, aneuploidy, p53, p16,

and adenomatous polyposis coli (APC) mutations, and cyclin D1 overexpression

are some of the most common abnormalities investigated. However, currently

there are no molecular techniques that are sufficiently reliable for routine use

either for the diagnosis of dysplasia or to predict progression [23].

Macroscopic appearance

Columnar epithelium has a velvety red appearance. Often dysplastic epithelium

appears endoscopically normal, but granularity, plaques, or erosions are some-

times present [37] (Figure 2.5).

Microscopic appearance

Dysplastic epithelium displays architectural abnormalities such as a villiform sur-

face and crowding and budding of the glands. Cytological atypia includes nuclear

hyperchromasia and pleomorphism, nuclear stratification, increased mitotic activ-

ity, and atypical mitoses. There is lack of surface maturation, with atypical cells

extending onto the mucosal surface (Figure 2.6a and b).

Effects of treatment

Studies have shown that CLE may regress with antireflux surgery or medical

treatment [38,39].
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Endoscopic ablation techniques are increasingly used and also lead to squamous

reepithelialization. This occurs due to extension of adjacent squamous epithelium

and the formation of squamous islands arising from the submucosal gland ducts.

Squamous metaplasia is often seen within metaplastic glands unrelated to esopha-

geal ducts, lending support for the existence of multipotential stem cells [40].

(a)

Figure 2.5 Distal esophageal adenocarcinoma arising on a

background of columnar-lined esophagus. Case provided by

Dr. F. Chang, London, United Kingdom.

(a) (b)

Figure 2.6 Columnar-lined esophagus. (a) Low-grade dysplasia. The nuclei are elongated,

pseudostratified, and hyperchromatic. There is no surface maturation. (b) High-grade dysplasia. The

glands are closely packed together and show cytological atypia with round nuclei with prominent

nucleoli.
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Metaplastic or dysplastic glandular epithelium may persist beneath the new squa-

mous epithelium; hence, deep biopsies are required on follow-up. Currently, the

long-term behavior of this concealed glandular epithelium is unknown.

Invasive adenocarcinoma

Macroscopic appearance

Most tumors are advanced at the time of presentation and are ulcerating infiltrative

lesions (Figure 2.6). They are less frequently exophytic (10–15%) compared with

squamous cell carcinomas [41]. Rarely, they appear papillary or show diffuse

infiltration resembling gastric linitis plastica [42].

Microscopic appearance

Adenocarcinomas are graded as well, moderately or poorly differentiated, accord-

ing to the proportion of tumor cells forming glands (Figure 2.7a and b). Tumors

can be mucinous with prominent extracellular mucin pools. Signet ring cell

carcinoma is rare [43]. Very rarely, CLE-associated adenocarcinoma may have

foci of admixed choriocarcinoma [44,45].

Small cell carcinoma

This accounts for approximately 1% of primary esophageal carcinomas [46]. It has a

similar appearance to the more common pulmonary tumor and is highly aggressive.

(a) (b)

Figure 2.7 Invasive adenocarcinoma. (a) Well-differentiated adenocarcinoma composed of

infiltrating glands with mild cytological atypia. (b) Poorly differentiated adenocarcinoma

composed of sheets of cells without gland formation.
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Staging

The TNM system is used for staging [47]. The Siewert classification is recom-

mended for adenocarcinoma around the esophagogastric junction [48]. Tumors

arising 1–5 cm above the junction (type 1) are staged with the esophageal

TNM, whilst the gastric TNM system is recommended for tumors arising at the

junction (type 2) or 2–5 cm below (type 3). Proformas have been developed to

ensure that all relevant prognostic information is included in pathology reports

[49,50].

Prognostic factors

Depth of tumor invasion is the most important and often the only independent

prognostic indicator on multivariate analysis [41,51,52]. Lymph node metastasis is

also a significant prognostic factor. The number of positive nodes and ratio of

involved to uninvolved nodes have been found to be significant [53,54]. Vascular

invasion and resection margin status have also been repeatedly shown to be

significant on univariate analysis [41,51,55,56,57].

The histological type of tumor has not been shown to be significant in advanced

disease, but several studies have shown a survival advantage for early (T1) adeno-

carcinoma compared to squamous cell carcinoma [58,59]. Other histological and

molecular markers such as tumor grade, p53 and Her2 status, and ploidy do not

appear to be independent predictors of poor prognosis [51,52,60,61].

Figure 2.8 Effects of chemoradiotherapy. Acellular

mucin pools throughout the esophageal wall

in a treated adenocarcinoma.
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Neoadjuvant treatment

As a consequence of the increasing use of preoperative chemoradiotherapy, resec-

tion specimens may often show the effects of this treatment. Systems for scoring the

degree of regression exist but are rarely used in routine practice [62,63]. With

response to therapy, ulceration, inflammation, fibrosis, and calcification are fre-

quently seen. Sections may show only keratin surrounded by a foreign body giant

cell reaction when a squamous cell carcinoma has regressed. Mucin pools are

frequently seen in treated adenocarcinomas (Figure 2.8). Viable tumor may be

present as small groups of cells, and these may show marked atypia due to the

treatment. Cytokeratin staining is often required when only occasional tumor cells

remain. Staging is based only on residual viable tumor. Tumor that has completely

regressed would be staged as ypT0N0.

Conclusion

The role of the surgical pathologist has expanded from providing solely diag-

nostic information to include some important data regarding prognosis. At present

this prognostic information is limited to histological factors with regard to esophageal

tumors. Biological markers are been intensively studied in the research setting, and it

is anticipated that these will be of increasing value in routine practice in determining

prognosis and hopefully increase management options for these tumors.
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Recent Advances in the Endoscopic Diagnosis
of Esophageal Cancer
Anne Marie Lennon and Ian D. Penman

Introduction

Esophageal cancer is the seventh most common malignancy worldwide and has the

sixth highest cancer mortality rate [1]. It has one of the most rapidly increasing

incidence of all cancers in the last 5 years [2,3] and is associated with a poor 1 and

5-year survival in the UK [4].

Correct staging of esophageal cancer is essential for patient care. This not only

gives a good indication of survival but also allows for optimum management of the

patient. In patients with very early oesophageal cancer (Tis/T1m), local treatment

with endoscopic mucosal resection (EMR) or photodynamic therapy can be

considered. For those patients with more advanced disease (Stages IIB–III),

many centers now advocate using neoadjuvant chemotherapy (OEO2) or chemor-

adiotherapy prior to surgery as this may improve survival [5,6]. For those patients

with metastatic disease (Stage IV), palliative treatment is appropriate.

Endoscopic imaging

Flexible videoendoscopy with biopsy and/or brush cytology is the gold standard

investigation for the diagnosis of esophageal carcinoma. Endoscopy is more

sensitive and specific than double-contrast barium meal for the diagnosis of

upper gastrointestinal cancer [7], and when biopsy and cytology are combined,

the accuracy of endoscopy for diagnosis approaches 100% [8]. Rarely, in patients

with pseudoachalasia and repeated negative mucosal biopsy, endoscopic ultra-

sound with or without fine-needle aspiration biopsy may provide supportive

evidence for malignancy and a tissue diagnosis [9].
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When a suspicious lesion is seen at endoscopy, it is important to document

certain features (Table 3.1) that may provide important information for planning

therapy and deciding between surgical resection, radiotherapy, and stent insertion.

Lesions at the esophagogastric junction (EG junction) should be classified using

the Siewert classification [10]: those which are predominantly in the esophagus are

type 1 junctional; those that are mainly within the stomach are type 3; and those

that are equally distributed between the esophagus and stomach as type 2.

Early esophageal cancer may appear as minor irregularities of the mucosa,

areas of erythema, or depressed, raised, or ulcerated areas (Figure 3.1). Japanese

Table 3.1 Features to note at endoscopy on diagnosis of an esophageal cancer

1. Position relative to the incisor teeth (in centimeters) with proximal and distal margins

2. The morphology of the lesion using the Japanese–Bormann classification (Table 4) if the

lesion is compatible with a superficial lesion

3. Presence and proximal extent of any Barrett’s esophagus

4. Presence of a hiatal hernia

5. Involvement of the gastric cardia or extension along lesser curve

6. Presence of metastatic or synchronous lesions elsewhere in the upper gastrointestinal tract

7. Previous gastric or duodenal surgery

(a) (b)

Figure 3.1 (a) Endoscopic view of early squamous carcinoma seen as a raised nodular area with

superficial ulceration. (b) Early superficial (5 mm) adenocarcinoma arising in short-segment Barrett’s

esophagus just above the esophagogastric junction.
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endoscopists have found that the endoscopic classification of a lesion can be an

important determinant of whether endoscopic therapy, such as EMR, should be

applied. They have attempted to identify this group of patients with minimally

invasive disease, using endoscopic features [11]. Based on these features, the

tumor can be divided into types 0 to 5, where type 0 corresponds with a

minimally invasive tumor and type 4 with a diffusely infiltrating cancer

(Table 3.2). Type 0 tumors are further subdivided based on their endoscopic

appearance into types 0-I, 0-II, and 0-III, with types 0-I and 0-II further sub-

divided. A detailed description, with illustration of different endoscopic staging

features, can be found elsewhere [12].

Dysplasia or early esophageal cancer can be difficult to detect even for an

experienced endoscopist. This is because lesions are often subtle, presenting as

small erosive or flat plaques. The use of four-quadrant biopsies in Barrett’s

esophagus has a low sensitivity, as high-grade intraepithelial neoplasia (HGIN)

and early adenocarcinoma are often multifocal and flat. New techniques have

therefore been developed, which highlight dysplastic or neoplastic lesions through

a variety of methods.

Table 3.2 Classification of superficial esophageal tumors using the Japanese

system [12]

Type Endoscopic appearance

Type 0 Superficial polypoid, flat/depressed, or excavated

Type 0-I Polypoid

Type 0-Ip Pedunculated

Type 0-Is Sessile

Type 0-II Nonpolypoid and nonexcavated

Type 0-IIa Slightly elevated

Type 0-IIb Completely flat

Type 0-IIc Slightly depressed without ulcer

Type 0-III Nonpolypoid with a frank ulcer

Type 1 Polypoid, usually attached to a wide base

Type 2 Ulcerated carcinomas with sharply demarcated and raised margins

Type 3 Ulcerated, infiltrating carcinomas without definite limits

Type 4 Nonulcerated, diffusely infiltrating carcinomas

Type 5 Unclassifiable advanced carcinomas
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Chromoendoscopy

Chromoendoscopy involves the use of agents that enhance the distinction between

diseased and normal mucosa, either by filling surface crevices or by differential

uptake by diseased epithelium. Many chromoendoscopy agents have been studied

in the detection of esophageal carcinoma, of which Lugol’s iodine and methylene

blue have been most widely studied.

Lugol’s iodine

Lugol’s iodine contains iodine and potassium iodine and has an affinity for

glycogen in nonkeratinized squamous epithelium. Normal squamous epithelium

stains black or dark brown. This contrasts with inflamed, dysplastic, or malignant

cells, which are glycogen depleted and consequently appear minimally stained or

unstained (Figure 3.2) [13]. About 1–3% Lugol’s iodine is sprayed onto the

mucosa by using a standard washing catheter inserted through the biopsy channel

of the endoscope. The majority of highly dysplastic or malignant lesions remain

unstained and clinical studies have shown that biopsy of these areas enhances

detection of both high-grade dysplasia (HGD) and early squamous cell carcinoma

[14,15,16]. The sensitivity for HGD or carcinoma ranges from 46 to 96% in

published series [15,16], with differences in the sensitivity probably due to

differing techniques and populations studied. Lugol’s staining is also useful in

estimating the extent of mucosal disease, which can be underestimated by endo-

scopy [17] and in differentiating regenerative squamous epithelium from small

areas of residual Barrett’s mucosa in patients who have undergone mucosal

Figure 3.2 Lugol’s iodine chromoendoscopy.

Normal squamous epithelium is stained black,

while the unstained areas reveal an extensive flat

area of high-grade intraepithelial neoplasia (HGIN).
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ablation. Lugol’s staining is a straightforward technique, with unstained areas easy

to identify. The technique does not require specialized equipment or additional

staff, and there is a case to be made for its routine use in patients with epidemio-

logical risk factors for SCC.

Methylene blue

Methylene blue is taken up by the cytoplasm of absorptive cells, such as goblet

cells, which are present in Barrett’s epithelium [18]. The technique used to stain

the mucosa is more involved as the surface mucus must first be removed as it

inhibits the uptake of methylene blue. A specialized spray catheter is used to spray

10% N-acetylcysteine over the mucosa using a volume of 3 ml/cm of Barrett’s

mucosa. Two minutes are allowed before a 0.5% solution of methylene blue dye is

sprayed at a volume of 4 ml/cm of Barrett’s mucosa. After a further 2 minutes the

dye is vigorously washed away using 120–300 ml of water. This final wash is

particularly important as insufficient irrigation results in incorrect staining and

reduced sensitivity of targeted biopsy. Staining is deemed to be positive when the

noneroded mucosa is stained blue despite vigorous irrigation [19]. Dysplastic

change is associated with a reduction in goblet cell numbers and an increasing

nuclear to cytoplasm ratio proportional to the degree of dysplasia, and such

tissues absorb methylene blue to a lesser extent than surrounding cells.

Increasing grades of dysplasia may appear as heterogeneous or unstained areas,

allowing targeted rather than random biopsies to be taken [20] and have been

reported to improve the detection of HGIN in Barrett’s esophagus [19,21,22].

Canto et al. demonstrated a significant improvement in the diagnosis of dysplasia

or cancer with methylene blue (12 versus 6%, p ¼ 0.004) [19]. However, these

results have not always been replicated in other studies [23,24,25,26], with other

groups unable to demonstrate a significant difference in detecting intestinal

metaplasia or dysplasia using methylene blue–directed biopsies versus conven-

tional biopsies [24]. A recent randomized prospective crossover study that com-

pared four-quadrant biopsies every 2 cm with methylene blue–directed biopsies

demonstrated dysplasia in 17 of 18 patients with random four-quadrant biopsies

compared with 9 of 18 in methylene–blue directed biopsies [27]. These results may be

due to different staining techniques or related to a learning curve for the staining

technique. One group has also raised concerns about possible induction of

genetic damage by methylene blue [28]. Unlike Lugol’s iodine, applying methylene

blue is time-consuming and requires special equipment and additional staff, and at
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present the generalizability of methylene blue staining to standard endoscopic

practice remains unclear.

Indigo carmine

Indigo carmine is an alternative contrast-enhancing agent to methylene blue.

Unlike Lugol’s iodine or methylene blue, indigo carmine is not taken up by tissues

but instead pools in crevices between epithelial cells, thereby highlighting small

lesions or irregularities in the mucosal architecture (Figure 3.3). The dye is diluted

to a 0.1–0.5% solution and sprayed directly onto the mucosa. While it has been

extensively used to detect dysplasia and flat lesions during colonoscopy [29,30,31],

there are relatively little data relating to esophageal cancer. In combination with

magnification endoscopy (see p. 34), it may be useful in differentiating HGIN from

nondysplastic Barrett’s [32].

Outstanding issues with chromoendoscopy include the lack of uniformity in the

method, concentration of the stain, and classification of staining patterns, making

it difficult to compare reported studies.

Narrow band imaging

Narrow band imaging (NBI) uses filter systems that only allow the passage of those

spectral components of light that are absorbed by mucosal blood vessels and

hemoglobin. The surrounding mucosa reflects this light, and because of this, a

maximum contrast of vessels and surrounding mucosa can be observed. In addi-

tion, the use of blue light, which has a shorter wavelength, means that only super-

ficial structures are seen due to its shallow penetration depth and decreased optical

Figure 3.3 Indigo carmine chromoendoscopy

combined with magnification in a patient with

Barrett’s oesophagus. The villiform but regular

surface pattern, typical of Barrett’s esophagus, can

be appreciated. Biopsies showed no evidence of

dysplasia.
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scattering (Figure 3.4). As a consequence, the visualization of the capillary system is

less distorted compared with white-light endoscopy and more surface detail is

evident [33].

NBI has been shown to be superior in visualizing the columnar-lined epithelium

and in visualizing Barrett’s epithelium than standard endoscopy [34]. One group

has found that a ridge/villous pattern and distorted pattern seen at NBI have a high

correlation with intestinal metaplasia (k score of 0.79) and HGD (k score 0.97)

[35], whilst Kara et al. [36] demonstrated that the addition of NBI or chromoen-

doscopy to high-resolution endoscopy increased the detection of HGD or early

cancers from 79 to 86% and 93%, respectively, although this was not statistically

significant. These studies are encouraging; however, an accepted classification

system of mucosal or vascular patterns is required, and larger, prospective studies

comparing NBI with other imaging techniques are needed.

Magnification endoscopy

Magnification endoscopes contain a movable lens at the distal tip for adjusting the

focus and are able to magnify an image from 1.5� to 150� (Figures 3.5 and 3.6).

Precise tip control is required to avoid blurring of the image, and a cap is often

fitted to the distal tip of the endoscope, allowing the mucosa in contact with the cap

to be magnified without the motility of the esophagus affecting visualization.

(a) (b)

Figure 3.4 (a) High-resolution narrow band imaging (HR-NBI) of nondysplastic Barrett’s esophagus.

The regular villous (type 3) crypt pattern can easily be identified. (b) NBI of early cancer to compare

with the normal pattern in (a).

34 A. M. Lennon and I. D. Penman



Endoscopy is performed as usual, and when an area of interest is seen, a rotary dial

on the control head of the instrument or a thumb-operated lever are used to zoom

in and out of the endoscopic view [37].

Magnification endoscopy has been shown to be useful in identifying Barrett’s

esophagus [32]. In terms of early esophageal cancer, characteristic changes in the

superficial microvascular architecture according to the depth of tumor invasion

have been reported, with 83.3% agreement between histologic depth of invasion

and magnification appearance [38]. Despite these promising results, magnification

endoscopy is not widely used. One reason for this is that endoscopy time is

prolonged up to 24 min, and varying results have been demonstrated from

(a) (b)

Figure 3.5 (a) Magnification endoscopy in a patient with Barrett’s esophagus confirms a regular mucosal

crypt pattern with no features suggestive of dysplasia (confirmed on biopsy). (b) Early superficial

(5mm) adenocarcinoma arising in short-segment Barrett‘s esophagus just above the esophagogastric

junction.

Figure 3.6 Magnification endoscopy in a patient

with early cancer arising in Barrett’s esophagus. The

regular mucosal crypt pattern can be seen in the

upper half of the image, but this pattern is distorted

with short, corkscrew irregular blood vessels in the

lower part of the figure (arrows) consistent with

cancer, confirmed on biopsy.

Recent Advances in the Endoscopic Diagnosis of Esophageal Cancer 35



different studies that examined interobserver reproducibility, with kappa values

results varying from<0.4 to 0.74 [26,39,40,41]. A uniform classification system for

staining and magnification patterns does not yet exist, and varying sensitivity and

specificity have been reported in detecting intestinal metaplasia and dysplasia

[32,42,43,44]. Some of these variations may relate to the learning curve required

for this technique, but the utility of magnification endoscopy in daily practice

remains to be clarified.

Confocal endomicroscopy

Confocal endomicroscopy is a new tool that complements conventional white-light

endoscopy. Where standard endoscopy images the mucosal surface with relatively

low resolution over a large field of view, confocal microscopy allows visualization

below the tissue surface, with subcellular resolution over a much smaller region of

tissue. This is achieved by an adaptation of light microscopy that uses focal laser

illumination of tissue planes by an optical fiber, which then detects only ‘‘in-focus’’

light through a pinhole and rejects ‘‘out-of-focus’’ light to provide a clear image from

one focal plane [45,46]. Once an area of interest is visualized, so-called optical

biopsies can be taken. This is a nondestructive, in situ, method of performing

instantaneous mucosal histopathology without the risk of bleeding [47]. The addi-

tion of topical (acriflavine) or intravenous (fluorescein sodium) contrast agents

provides further details about cellular architecture. Kiesslich et al. [48] demonstrated

a sensitivity and specificity for detecting Barrett’s esophagus of 98.8 and 94.4%,

respectively, and for associated neoplasia of 91.7 and 99.0%, respectively, giving an

accuracy of 97.5% in 42 patients with good interobserver agreement (k 0.84) [49].

Image acquisition time and time taken to assess potentially large surface area are

concerns but may be offset by the need to take fewer biopsies. Further studies are

required to confirm these promising preliminary results and to clarify the exact role

of confocal endomicroscopy in screening for and staging esophageal cancer.

Optical coherence tomography

Optical coherence tomography (OCT) is an emerging endoscopic technique,

which provides a cross-sectional, subsurface imaging of the gastrointestinal tract.

OCT is similar in principle to ultrasonography but uses light waves rather than

acoustic waves, using the back-reflection of infrared light from the mucosal layers

of the gut to form an image of the mucosa and submucosa. OCT is performed
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using a catheter probe introduced through the instrument biopsy channel, and

scanning probes are available to create either radial or linear images. These provide

a resolution to within 7–20 mm with a scanning depth of 1–2 mm. This level of

resolution allows visualization of the mucosal glands, crypts, and villi but does not

allow visualization of cellular features such as nuclear abnormalities in dysplasia.

Color Doppler has been used in an experimental setting that allows visualization of

subsurface blood vessels [49].

The normal layers of the esophagus from the epithelium to the muscularis

propria can be seen [50,51,52,53]. These layers are disrupted in Barrett’s esopha-

gus, with preliminary results comparing normal oesophagus, Barrett’s, and normal

stomach demonstrating excellent sensitivity of 97% and specificity of 92% [54]. A

study by Evans et al. [55] examined the potential of OCT to differentiate intra-

mucosal carcinoma (IMC) and HGD from specialized intestinal metaplasia,

indeterminate-grade dysplasia, and low-grade dysplasia (LGD). They found that

there was a significant relationship between histopathologic diagnosis of IMC/

HGD and image features. When three or more image features were present, the

sensitivity and specificity for diagnosing IMC/HGD was 83 and 75%, respectively.

A further development is spectroscopic OCT. This uses the broad spectral

bandwidth of the optical source to obtain information from the spectral content

of the backscattered light. Spectral OCT has been compared with regular OCT in

Barrett’s esophagus and has been shown to improve the contrast of the images [50].

It is currently too early to define what role, if any, OCT will play in the diagnosis or

staging of patients with upper gastrointestinal malignancy.

Autofluorescence imaging

Autofluorescence imaging (AFI) endoscopy involves stimulation of certain endo-

genous molecules (fluorophores) by ultraviolet or blue light. On excitation, these

fluorophores emit fluorescent light spread over a range of longer wavelengths in

the green to red spectrum. This is called autofluorescence, and responsible endo-

genous fluorophores include collagen, reduced nicotinamide adenine dinucleo-

tide, aromatic amino acids, and porphyrins (Figure 3.7). AFI endoscopy can detect

HGD and early cancer in Barrett’s esophagus [56]. Two randomized controlled

trials have examined the role of AFI in diagnosing esophageal adenocarcinoma.

Borovicka et al. found one additional neoplastic lesion for every 21 patients

examined [57]. However, a study by Kara et al. was unable to demonstrate a

difference in detecting HGD and esophageal adenocarcinoma between AFI and
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conventional endoscopy [58]. Both these studies had high false-positive rates of 78

and 87%, respectively; however, both these studies used an older AFI system

capturing information from reflected light using fiberoptic endoscopes with low-

quality images. Using a newer videoendoscopic AFI system, it has been possible to

identify HGD or early cancer in 6 of 21 patients with Barrett’s esophagus that was

not identified using conventional endoscopy [59]. Again there was a high false-

positive rate of 50%. The authors therefore compared the performance of AFI in

combination with NBI in 20 patients with Barrett’s esophagus and suspected or

confirmed HGIN [60]. AFI identified 47 suspicious lesions, of which 28 had HGIN

and 19 (40%) were false positive. In these latter 19 cases, the use of NBI correctly

identified 14 as nondysplastic, reducing the overall false-positive rate to 10%. This

study suggests that combining AFI and NBI may increase the accuracy of detecting

HGIN in Barrett’s esophagus. Larger, controlled studies are awaited and refine-

ments in technology may further improve these impressive early results.

Other modalities

A number of other endoscopic modalities have shown promise in the detection of

early neoplasia. In Raman spectroscopy, light can be absorbed or scattered as it

(a) (b)

Figure 3.7 (a) Normal green mucosal appearance in autofluorescence (AFI) imaging. (b) Early

carcinoma is seen as a pink/magenta area (arrows) using autofluorescence.
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interacts with tissue molecules. Almost all of the scattered light is the same

wavelength as the incidence light; however, a small fraction undergoes Raman

scattering, in which slight shifts in energy and wavelength occur because of

exchange of energy with the molecular structure. These wavelength shifts corre-

spond to specific vibrations of the interacting molecule. A Raman spectrum is a

plot of the intensity of the scattered light as a function of the wavelength shift, with

each peak corresponding to a specific molecular state. Characteristic plots for

normal tissue can be developed, allowing abnormal spectra to be easily identified.

One group has demonstrated an accuracy of 88% for differentiating dysplastic or

early malignant change from nondysplastic tissue in 100 patients with Barrett’s

esophagus [61].

Elastic scatter spectroscopy also shows promise in the detection of early cancer. In a

study by Lovat et al., elastic scattering spectroscopy detected HGD or cancer with 92%

sensitivity and 60% specificity, and differentiated HGD and cancer from inflamma-

tion with a sensitivity and specificity of 79%. Using this technique, the authors

calculated that the number of biopsies of nondysplastic or low-grade dysplasia

could be decreased by 60% with minimal loss of accuracy, while negative spectro-

scopy results would exclude HGD or cancer with an accuracy greater than 99.5%.

These preliminary results are promising, but corroborating studies are awaited.

Wireless capsule endoscopy (WCE), now a cornerstone of gastroenterological practice

in investigating small bowel disease, may have a potential role to play in early cancer

detection. WCE consists of a video imaging chip, illuminating diode system, two

batteries, and a radio transmitter that transmits data to an external receiver. There

are several factors that make it an appealing option, including its small size

(26� 11 mm), noninvasive nature, and the fact that it could be performed in a

primary care setting. Initial studies examining its role in the upper gastrointestinal

tract have shown that it is effective in detecting esophageal varices and portal hyper-

tensive gastropathy in a high-prevalence population [62]. In another study, WCE

correctly identified all patients with both short- and long-segment Barrett’s esophagus

[63]. The inability to take biopsies is a limitation that needs to be overcomed, and at

present, it is unclear what role WCE may play in esophageal cancer diagnosis.

Conclusion

Endoscopy is evolving rapidly, allowing increasingly accurate assessment of muco-

sal appearances, especially Barrett’s esophagus and early neoplasia, hopefully

allowing a more targeted approach and selective approach to biopsy practice.
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Large, controlled, prospective studies examining the different novel endoscopic

modalities are required to clarify which if any will predominate and enter routine

clinical practice.
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Endoscopic Ultrasound in Esophageal
Cancer
Anne Marie Lennon and Ian D. Penman

Introduction

The major role for endoscopic ultrasound (EUS) is in defining stage of disease.

Tumors are staged using the TNM classification, which describes the anatomic

extent of cancer at the time of diagnosis and before therapy (Table 4.1) [1]. This

allows a classification of the stages of cancer for estimation of prognosis and

comparing the results of different treatments (Table 4.2). The definitions of TNM

are based on the depth of invasion of the tumor into the esophageal wall or beyond

(T stage), the presence or absence of regional lymph node involvement (N stage),

and identification of distant metastasis (M stage). EUS provides uniquely detailed

images of the different layers of the esophagus and surrounding structures. Using

standard EUS (5–12 MHz), the esophageal wall is visualized as five layers that

correspond to the mucosa (layers 1 and 2), submucosa (layer 3), muscularis propria

(layer 4), and the outer, adventitial layer (layer 5) (Figure 4.1).

T staging

Tis is the earliest stage, defined as tumor present in the epithelium but not invading

the lamina propria. T1 tumors involve the lamina propria and the submucosa.

These can be further subclassified as T1 m where the tumor is confined to the

mucosa and T1sm where the tumor invades the submucosa (Figure 4.2). Tumors

that invade the muscularis propria are classified as T2 (Figure 4.3), while tumors

involving the adventitia are termed T3 (Figure 4.4). Involvement of mediastinal

structures such as the pleura, azygous vein, aorta, or adjacent structures indicates

T4 disease (Figure 4.5).

EUS is the most accurate method of determining T stage and has been shown

consistently to outperform computer tomography (CT) for locoregional staging of
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Table 4.1 TNM staging system for esophageal cancer [1]

Stage Definition

TX Primary tumor cannot be assessed

T0 No evidence of primary tumor

Tis Carcinoma in situ

T1 Tumor invades lamina propria and submucosa

T2 Tumor invades muscularis propria

T3 Tumor invades adventitia

T4 Tumor invades adjacent structures

NX Regional lymph nodes cannot be assessed

N0 No regional lymph node metastases

N1 Regional lymph node metastases

MX Distant metastases cannot be assessed

M0 No distant metastases

M1a Coeliac nodes involved in lower esophageal cancer

Cervical nodes involved in upper esophageal cancer*

M1b Beyond locoregional node involvement, i.e., celiac nodes in upper esophageal cancer

Metastatic involvement of visceral organs, pleura, peritoneum

Nonregional lymph nodes and/or other distant metastases

*For tumors of the midthoracic esophagus, M1a is not applicable.

Table 4.2 Staging of esophageal cancer [1]

T N M

Stage 0 Tis N0 M0

Stage I T1 N0 M0

Stage IIA T2 N0 M0

T3 N0 M0

Stage IIB T1 N1 M0

T2 N1 M0

Stage III T3 N1 M0

T4 Any N M0

Stage IV Any T Any N M1

Stage IVA Any T Any N M1a

Stage IVB Any T Any N M1b
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esophageal cancer [2,3,4,5]. In a meta-analysis, Rosch et al. found that EUS had an

accuracy for T stage of 85–90% compared with 50–80% for CT [3]. A more recent

meta-analysis by Lightdale and Kulkarni [5] found a similar accuracy of 80% for all T

stages that increased to 90% for T3 lesions.

Accurate staging of early esophageal cancers (T1) is important, as T1 m tumors

are associated with a low risk of nodal involvement compared with T1sm lesions

that are associated with nodal positivity in up to 25% of cases [6,7]. This

Figure 4.1 Electronic radial EUS (10 MHz) image

showing the normal 5 layer pattern of the

esophageal wall. The first layer (rarely seen)

represents the fluid-tissue interface, the hypoechoic

(black) second layer (2) is the mucosa, the third layer

is the submucosal (3), seen as a hyperechoic (white)

band. The muscularis propria is usually seen as a

single hypoechoic outer layer (4), but here the high

resolution near field imaging is able to distinguish

the inner and outer layer of the muscularis with the

fibrous hyperechoic band separating them (*).

Figure 4.3 T2 carcinoma.

Figure 4.2 Radial endoscopic ultrasound (EUS)

image of T1 carcinoma (T). Although bulky, the

lesion is confined to the mucosa and submucosa

and does not invade into the muscularis propria

(arrows).
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(a) (b)

Figure 4.4 (a) Bulky T3 carcinoma. The tumor has invaded through the muscularis propria into the

perioesophageal fat but does not invade the aorta (Ao, bottom right). (b) Linear endoscopic

ultrasound (EUS) image showing a large tumor (T) invading through the muscularis propria (arrows)

with an irregular outer margin and a 12�5 mm peritumoral lymph node.

(a) (b)

Figure 4.5 T4 carcinoma. (a) A large irregular, hypoechoic tumor (T) has invaded the pleura (arrows).

(b) The tumor is adherent to the anterior surface of the aorta (A) with loss of the normal echorich

plane of separation (arrows).
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differentiation is crucial, as it allows the identification of those who may be suitable

for local therapy such as endoscopic mucosal resection (EMR) [8]. Standard EUS,

which uses frequencies of 5–12 MHz, is however limited in its ability to make

this important distinction [3,9,10]. High-frequency catheter probes (HFCPs) have

been developed with imaging frequencies from 15 to 30 MHz. These small-

diameter, nonoptic probes are passed through the working channel of a standard

endoscope. The higher frequency allows greater definition of esophageal wall layers

at the expense of depth of penetration (average 2.9 cm). Using these HFCPs, the

esophagus is viewed as a nine-layer structure, with layers 1 and 2 representing

the epithelium, layer 3 the lamina propria, layer 4 the muscularis mucosa, layer 5

the submucosa, layer 6 the circular muscle layer, layer 7 the connective tissue, layer

8 the longitudinal muscle, and layer 9 the adventitia (Figure 4.6). HFCPs have

shown promise in identifying early esophageal cancer with accuracies of 87–92%

reported compared with 62–76% for standard EUS [11,12]. Other studies of

HFCPs report accuracies of between 65 and 100% [11,13,14,15,16,17,18,19,20],

but many of these contain small numbers of patients. HFCPs have poor depth of

penetration and so not surprisingly have a lower sensitivity for detecting nodal

involvement, 56% compared with 82% for standard EUS in one study [21]. Thus, if

HFCPs are used, standard EUS should be performed as well to assess for nodal and

metastatic disease. Other problems associated with HFCPs include the need to

instill water in the lumen (unless a balloon sheath is used), which may increase the

risk of aspiration. Although HFCPs are reusable, they are expensive, have a limited

lifetime, and undergo image deterioration with repeated use.

Figure 4.6 High-frequency catheter probe

endoscopic ultrasound (EUS; 12 MHz). In a patient

with early esophageal cancer the circumferential

tumor invades the submucosa (T1sm, arrow), but

there is no involvement of the muscularis propria.
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N staging

Esophageal cancer is associated with a high incidence of nodal disease, with 60% of

T2 and over 80% of T3 or T4 tumors node positive [22]. The presence of an

increasing number of malignant nodes is associated with a worse outcome with

reported 5-year survival rates for 0, 1–3, 4–7, and 8 or more involved lymph nodes

of 53.3, 33.8, 17, and 0%, respectively [23]. Other authors have demonstrated that

patients with greater than four involved regional lymph nodes have a particularly

poor outcome [24]. Although the presence of nodal disease does not preclude

successful tumor resection, it is associated with cure rates after surgery of only

5–10% [22,23,25,26], highlighting the importance of accurate detection of nodal

involvement so that such patients can be considered for neoadjuvant therapy [27].

Both benign and malignant lymph nodes can be seen by EUS. Endoscopic features

suggestive of malignancy include a short-axis diameter greater than 5 mm, a round

shape, distinct outer border, and hypoechoity (Figure 4.7) [28,29]. The presence of

all four features is associated with 80% accuracy for malignant involvement [29].

Based on these features, meta-analyses have shown the accuracy of EUS for N

staging of 75–79% [3,30]. Studies comparing EUS and CT for the evaluation of

regional lymph node staging have consistently demonstrated that endoscopic

ultrasound is more accurate [3,4,31,32,33,34]. Studies comparing 18F-fluoro-

deoxy-D-glucose-positron emission tomography (FDG-PET) with EUS for local

node staging show that FDG-PET has a lower sensitivity (32–37 versus 81–89%)

but a higher specificity (89–100 versus 54–67%) compared with EUS [35,36,37].

Although the presence of all four endoscopic features is highly accurate at

predicting malignant involvement, all four criteria are found in only 25% of

Figure 4.7 N1 lymph node status. Several

periesophageal lymph nodes with

endosonographic features suspicious of

malignancy are present (size, shape, discrete

border, and hypoechoity).
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malignant nodes [29]. Because of this, EUS-guided fine-needle aspiration (EUS-

FNA) was developed to sample potentially malignant lymph nodes (Figure 4.8).

EUS-FNA has been shown to increase accuracy compared with EUS alone. An

example of this is by Vazquez-Sequeiros et al. who compared a historical cohort of

33 patients with 31 patients who underwent EUS-FNA of non peritumoral lymph

nodes. Compared with EUS alone, EUS-FNA was associated with significantly

better sensitivity (63 versus 93%) and accuracy (70 versus 93%) [6]. One problem

with EUS-FNA is that it prolongs the procedure, while the need for an FNA needle

increases the cost. Vazquez-Sequeiros et al. recently addressed this problem in a

prospective study [38]. They compared the four classic lymph node criteria with

the four classic criteria plus three additional criteria (celiac region lymph node;

number of lymph nodes � 5; or T3/4 tumor stage). All lymph nodes were then

sampled and the modified EUS criteria were found to be more accurate than

standard criteria (ROC 0.88 versus 0.78). The presence of six or more criteria

was associated with 100% positive predictive value for N1 disease, while all those

with no positive modified EUS criteria had N0 disease. The maximum accuracy

(86%) was achieved when three or more of the seven modified criteria were

present. Based on these results, it has been suggested that in patients with either

� 6 or 0 criterion, FNA may be avoided, as the results are unlikely to change the

N stage. Using this approach, 42% of patients in this study could have avoided

FNA, which was associated with a cost saving of $117.84 per patient. Further

studies are required to confirm these data.

(a) (b)

Figure 4.8 (a) Endoscopic ultrasound–guided fine-needle aspiration (EUS-FNA). A 1-cm subcarinal

lymph node with features suspicious for malignancy is targeted for FNA. The needle tip can be clearly

seen within the lymph node (arrow). LA, left atrium; PA, pulmonary artery. (b) EUS-FNA of a 6-mm left

gastric artery lymph node (LN). Cytology confirmed adenocarcinoma.
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M staging

Involvement of tumor at sites distant from the primary tumor or distant lymph

nodes is considered metastatic disease. In those with no evidence of metastatic

disease on CT or FDG-PET, EUS is usually undertaken. EUS allows the visualiza-

tion of the celiac axis and surrounding lymph nodes, the left lobe of the liver, and

the adrenals. The most commonly used definition of celiac axis lymph nodes in the

UK includes all nodes within 1 cm of the origin of the celiac trunk, while 2 cm is

often used in the USA. This definition is, however, arbitrary, as it can sometimes be

difficult to differentiate lymph nodes occurring along the left gastric artery from

true celiac axis lymph nodes. EUS provides excellent imaging of the celiac lymph

nodes (Figure 4.9), with an accuracy of 81–98% for detecting malignant invol-

vement [31,39,40,41,42]. The mere presence of identifiable celiac lymph nodes

is associated with a high incidence of malignant involvement, with one study

finding that over 90% of celiac lymph nodes were malignant regardless of echo

features or size, while 100% were malignant if they were greater than 1 cm [40].

A retrospective study by Romagnuolo et al. found that high-quality, thin-slice

helical CT only detected 53% of celiac lymph nodes proven to be involved by

EUS-FNA [43]. The left lobe of the liver should also be examined when staging an

esophageal cancer. The medial two-third of the liver is well visualized with EUS

with liver metastases found in 6.8% to 7% of patients with oesophageal cancer

using EUS (Figure 4.10) [44,45], with 2.3% of these not detected on CT in one

study [45]. When liver lesions are found, EUS-FNA can be used to confirm the

diagnosis [46]. There are little data comparing EUS with multidetector CT, and it

may be that EUS offers few advantages over multidetector CT in detecting liver

involvement.

Figure 4.9 Linear endoscopic ultrasound (EUS)

shows a poorly defined cluster of malignant-

looking lymph nodes close to the origin of the celiac

axes from aorta (Ao). Fine-needle aspiration (FNA)

confirmed malignancy (Stage M1a).
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EUS staging following neoadjuvant therapy

Neoadjuvant treatment aims to shrink the primary tumor and eradicate lymphatic

and hematogenous micrometastases; however, neoadjuvant therapy is associated

with toxicity and only 50% of patients respond to currently available regimens.

Thus early detection of nonresponders may prevent unnecessary therapy asso-

ciated toxicity and impact on treatment planning. Initial studies demonstrated

accuracies of between 29 and 59% in terms of T and N staging probably due to the

fact that EUS cannot differentiate fibrosis and inflammation associated with che-

moradiotherapy from residual cancer within the esophageal wall [47,48,49,50,51].

Several studies have reported that a 50% or greater reduction in maximum cross-

sectional area is relatively accurate at predicting response [52,53,54], while two

studies have found an association between a measured reduction in cross-sectional

area and survival [52,55]. Compared with other imaging modalities, CT was shown

in a systematic review of the literature to have a significantly lower overall accuracy

compared with EUS or FDG-PET, while EUS and FDG-PET had similar accuracies

with maximum joint sensitivities of 86 and 85%, respectively [56].

Clinical impact of EUS

One group have examined the effect of EUS on outcome and reported that EUS is

associated with a recurrence-free survival advantage and an overall survival advan-

tage for patients [57]. The reason for this appears to be due an increase in the

administration of chemoradiotherapy through more accurate preoperative sta-

ging. EUS has also been shown to alter patient management, increasing the number

of referrals for nonsurgical palliation and decreasing cost [58,59,60]. EUS is cost-

effective [61] with a study comparing CT, EUS-FNA, PET, and laparoscopy,

Figure 4.10 Linear endoscopic ultrasound (EUS)

reveals a 9-mm hypoechoic lesion close to the

surface of the left lobe of liver and fine-needle

aspiration (FNA) confirmed adenocarcinoma.
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demonstrating that CT in combination with EUS-FNA was the least expensive

staging strategy [62].

Weaknesses of EUS staging

One of the major limitation of EUS staging is the inability to traverse a malignant

stricture, which occurs in 20–30% of esophageal cancer patients (Figure 4.11)

[63,64,65]. Early EUS studies showed a high incidence of perforation if EUS was

performed after esophageal dilatation to 16–17 mm [63,66]; however, more recent

studies have considerably lower perforation rates [65,67,68]. In a recent study of

132 patients with esophageal cancer, 32% required dilatation (14–16 mm) to

complete the procedure, with only one perforation reported [67]. One reason for

the differences in the rate of perforation in these two studies is that echoendo-

scopic technology has advanced significantly and modern instruments are slimmer

and have less bulky ultrasonic transducers at the tip and better video optics. An

alternative to dilatation is to use an HFCP. These have been used with some success

but are not routinely recommended in this situation because of the lack of

penetration and suboptimal nodal imaging. An alternative to dilatation is to use

the Olympus MH-908 echoendoscope (Figure 4.12). This conical tipped instru-

ment lacks endoscopic optics and is passed through strictures over a monorail

guide wire placed endoscopically. With a diameter of only 7.8 mm, this instrument

is capable of traversing all but the tightest senses with no or minimal dilatation.

Figure 4.11 Stenosing esophageal carcinoma

arising at the esophagogastric junction. Despite

dilatation, standard radial EUS echoendoscopes

could not traverse the stricture.

Figure 4.12 Olympus MH-908 esophagoprobe.

This 6.9-mm, wire-guided, nonoptical probe can

traverse tightest strictures with minimal or no

dilatation.
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Several studies have demonstrated the equivalent accuracy of this instrument

in comparison with standard echoendoscopes with a reported T-staging accuracy

of 89% [64,69]. Two series have shown that the use of this instrument

permits complete staging (by morphology) in 95% of cases without the need for

dilation [70,71].

Another factor limiting EUS performance is its operator dependency [72,73,74,75].

Several studies have demonstrated that endosonographers who have performed

more than 50–75 EUS esophageal cancer examinations have good agreement and

high accuracy for N staging of esophageal cancer [72,73,74]. The number of proce-

dures performed in a unit is also important. van Vliet et al. compared the results in a

low-volume center for EUS (each individual endoscopist performed less than 50

EUS staging procedures per year) with those reported from high-volume US EUS

centers and found that the sensitivity and specificity for T1 or T2 were lower (58

versus 75–90% and 87 versus 94–97%, respectively) in the low-volume center, while

T3 sensitivity was similar (85 versus 88–94%) between the centers, specificity was,

however, lower (57 versus 75–90%) [76]. The sensitivity for detecting T4 disease (45

versus 63–89%) and particularly M1a (celiac) lymph nodes (19 versus 72–83%) was

particularly poor in the low-volume center.

Future developments

Three-dimensional EUS probes are available, which provide simultaneous dual-

plane radial and linear images. This allows measurement of tumor volume and

gives excellent views of the relationship of the tumor to surrounding structures.

The role of these probes is being investigated and may be of particular use in

restaging patients after neoadjuvant therapy.

Bridging the gap between endoscopy and translational research holds great

promise for the future. Lymph node samples collected via EUS-FNA have been

used to examine epigenetic changes in esophageal cancer [77]. EUS-FNA also

allows accurate targeting of tumors. This approach has been used in pilot studies

in pancreatic cancer with EUS-guided injection of different antitumor agents

directly into the tumor [78,79]; however, to date no studies have been undertaken

in esophageal cancer. EUS has also been used to guide radiofrequency ablation in

patients with primary, recurrent, or metastatic liver cancer [80], and it may in the

future have a role to play in treating metastatic liver lesions from esophageal

cancer. EUS can also assist EMR or submucosal dissection techniques by allowing
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precise placement of the injection needle into the appropriate layer of the esopha-

gus and also ensuring complete separation of the lesion from normal tissue

[81,82,83].

The exact role of EUS relative to FDG-PET also needs to be delineated. FDG-

PET can be associated with false-positive findings – a situation in which EUS-

FNA may be useful. Cost-effectiveness will also need to be examined. At present

CT combined with EUS-FNA has been shown to the best cost minimization

strategy and may offer more quality-adjusted life years, on average, than any

other strategy. PET plus EUS-FNA may be marginally more effective, but also

more expensive [62].

Conclusion

EUS, in combination with CT and PET, plays a key role in esophageal cancer

staging, particularly in detecting T1 m and T4 disease. Confirmation of N1

status by FNA and detection of M1a disease not detectable by other imaging

modalities are other crucial roles for this technique. Optimum staging, however,

requires close collaboration and teamwork between specialist radiologists and

endoscopists.
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CT in Esophageal Cancer
Naama R. Bogot and Leslie Eisenbud Quint

Introduction

Cross-sectional imaging with computer tomography (CT) and magnetic resonance

imaging (MRI) has no significant role in diagnosing esophageal cancer, although it

is complementary to endoscopy, barium studies, endoscopic ultrasound (EUS), and

positron emission tomography (PET) imaging in the staging of esophageal cancer.

Accurate staging is necessary in order to prompt appropriate curative or palliative

therapy. While CT and MRI are insensitive for delineating tumor invasion into and

through the esophageal wall, these modalities play a role in estimating the esopha-

geal tumor bulk, evaluating for local spread into adjacent structures, and diagnosing

distant metastases, when present. Cross-sectional imaging also has an important

role in the follow-up of esophageal cancer patients after treatment, to assess

response to chemoradiotherapy and to evaluate recurrence after treatment [1].

Anatomy and staging

Knowledge of esophageal anatomy is important both for understanding how

esophageal cancer spreads and for staging purposes. The esophageal wall consists

of four layers: mucosa, submucosa, muscularis propria, and adventitia (Figure 5.1).

There is no serosa to serve as a barrier between the esophagus and the surrounding

structures; lack of a serosa facilitates tumor spread through the esophageal wall

into adjacent structures. A rich plexus of lymphatics encircles the entire length of

the esophagus, enabling lymphatic spread of tumor to mediastinal, cervical, and

upper abdominal lymph nodes (Figure 5.2). An experimental study showed that

dye injected into the esophageal wall at one level may drain to lymph nodes at all

other levels of the esophagus in some patients and also frequently drains directly
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Figure 5.1 Diagram showing the four layers of the

esophageal wall: mucosa, submucosa, muscularis

propria, and adventitia, as well as extraesophageal

fat. T1 tumors extend no deeper than the

submucosa. T2 tumors invade the muscularis

propria. T3 tumors invade into or through the

adventitia. T4 lesions invade adjacent structures.

Figure 5.2 Diagram of the plexus of

lymphatics that encircles the entire length of

the esophagus, enabling lymphatic spread

of tumor to mediastinal, cervical, and upper

abdominal lymph nodes. T, tumor.

Figure 5.3 The esophagus is divided into four

anatomic regions for reporting and staging purposes:

cervical, and upper, mid, and lower thoracic portions.
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into the thoracic duct, potentially leading to hematogenous metastases [2].

Because of these features, ‘‘skip metastases’’ are not uncommon, meaning that

distant sites may be involved without involvement of lymph nodes close to the

primary tumor. In addition, advanced disease is frequently seen at initial clinical

presentation [3]. Only about 24% of esophagus cancer cases are diagnosed while

the cancer is still confined to the primary site (localized stage); 29% are diagnosed

after the cancer has spread to regional lymph nodes or directly beyond the primary

site; 30% are diagnosed after the cancer has already metastasized (distant stage);

and for the remaining 17% the staging information is unknown [4].

The esophagus is divided into four anatomic regions for reporting and staging

purposes (Figure 5.3). The cervical portion extends from the cricoid cartilage to the

thoracic inlet. The thoracic esophagus extends from the thoracic inlet to the

gastroesophageal junction and is divided into three regions: upper, mid, and

lower. The upper thoracic esophagus extends from the thoracic inlet to the carina;

the mid thoracic esophagus from the carina to the diaphragm; and the lower

thoracic and abdominal esophagus (which measures approximately 3 cm in

length) from the diaphragm down to and including the gastroesophageal junction

[5,6]. The cervical esophagus ends approximately 18 cm from the incisors; the

upper, mid, and lower thoracic esophagus end at approximately 24, 32, and 40 cm

from the incisors, respectively.

Staging Classification

The International Union Against Cancer (UICC) and American Joint Committee on

Cancer (AJCC) have staged esophageal cancer using the TNM system whereby T

categorizes the depth of invasion into or through the esophageal wall (Figure 5.1), N

the status of regional lymph nodes, and M metastases to distant sites (Table 5.1) [5].

Stage groupings of the TNM system, based on prognosis, are listed in Table 5.2 [5].

Regional lymph nodes are determined according to the level of the primary

esophageal tumor according to the National Comprehensive Cancer Network

(NCCN) Clinical Practice Guidelines [7]. For example, regional sites for cervical

esophageal primaries include the cervical, scalene, supraclavicular, and mediastinal

lymph nodes. The regional sites for upper and middle intrathoracic esophageal

tumors are mediastinal, hilar, and left gastric lymph nodes, and for lower thoracic

and abdominal tumors are mediastinal, left gastric, common hepatic, diaphrag-

matic, and splenic nodes. Lymph node metastases to any other sites constitute

distant metastatic (M1) disease.
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Only for upper thoracic and for lower thoracic primary tumors, M1 is broken

down into M1a and M1b categories (cervical and mid thoracic primary tumors

have no such breakdown) (Table 5.3). Tumor spread to cervical lymph nodes from

an upper thoracic primary neoplasm falls into the M1a category; spread to any

other nonregional lymph nodes represents M1b disease. Similarly, celiac axis

lymph node metastases confer M1a status upon primary tumors located in the

Table 5.1 TNM staging of esophageal cancer

Primary tumor (T)

T0 No evidence of primary tumor

Tis Carcinoma in situ

T1 Tumor confined to mucosa or invades lamina propria or submucosa

T2 Tumor invades muscularis propria

T3 Tumor invades adventitia

T4 Tumor invades adjacent structures

Regional lymph nodes (N)

N0 No regional lymph node metastasis

N1 Regional lymph node metastasis

Distant metastasis (M)

M0 No distant metastasis

M1 Distant metastasis

Table 5.2 Esophageal cancer stage grouping

Stage grouping T N M

Stage 0 Tis N0 M0

Stage I T1 N0 M0

Stage IIA T2 N0 M0

T3 N0 M0

Stage IIB T1 N1 M0

T2 N1 M0

Stage III T3 N1 M0

T4 Any N M0

Stage IV Any T Any N M1

Stage IVA Any T Any N M1a

Stage IVB Any T Any N M1b
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lower thoracic esophagus, whereas spread to any other nonregional lymph nodes

represents M1b disease. Patients with M1a disease have a better prognosis than

those with M1b disease and are therefore generally felt to represent surgical

candidates. However, in patients with adenocarcinoma of the lower esophagus

this distinction has been debated [8]. Although patients with M1a disease had a

statistically significantly improved prognosis in one study, it was of limited clinical

significance, as the median survival for M1a stage disease was 11 months, com-

pared to 5 months for M1b disease.

Patients with newly diagnosed esophageal cancer often present with distant

metastases. In a series by Quint et al., 18% of patients presented with M1 disease.

Distant metastases were most commonly diagnosed in upper abdominal lymph

nodes (45%), followed by liver (35%) and lung (20%). Less commonly, distant

metastases were seen in cervical/supraclavicular lymph nodes, bone, adrenal

glands, peritoneum, brain, pericardium, pleura, stomach, pancreas, spleen, soft

tissues, and kidney [9].

Computed tomography

Diagnosis of esophageal cancer

Esophageal cancers usually manifest as focal wall thickening at CT, either con-

centric or eccentric [10]. The normal wall width of the distended esophagus is

approximately 3 mm (Figure 5.4); a width of 5 mm or greater is considered

abnormal [11,12] (Figure 5.5). In order to obtain better delineation of the thick-

ness of the esophageal wall at CT, the esophagus may be opacified with a dilute

Table 5.3 M1 disease according to primary tumor level

Tumors of the upper thoracic esophagus

M1a Metastasis in cervical nodes

M1b Other distant metastasis

Tumors of the mid thoracic esophagus

M1a Not applicable

M1b Nonregional lymph nodes and/or other distant metastasis

Tumors of the lower thoracic esophagus

M1a Metastasis in celiac lymph nodes

M1b Other distant metastasis
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barium paste and/or distended by ingestion of effervescent granules, immediately

before scanning. However, CT is not generally used for the primary diagnosis of

esophageal cancer, because wall thickening is a nonspecific finding and may be

related to benign conditions such esophagitis due to radiation therapy, infection,

or reflux [13]. Furthermore, small cancers may not even be visible on CT, parti-

cularly if the esophagus is collapsed [14]. Recent preliminary work, however, using

triple-phase dynamic CT, has suggested that tumor may be visible without wall

thickening and is best seen during the late arterial phase of the contrast injection

[15] (Figure 5.6).

Evaluation of tumor size

Tumor bulk may have prognostic implications. It was shown by Lefor et al.

that when the tumor is greater than 3 cm in width, there is a higher likelihood of

extraesophageal spread, including mediastinal invasion and spread to abdominal

lymph nodes and liver [16]. There is a tendency to overestimate tumor length on

axial images provided by CT. In an older CT study, Quint and colleagues

Figure 5.4 CT shows a distended normal

esophagus with wall width less than 5 mm.

Figure 5.5 In a 46-year-old man with distal

esophageal adenocarcinoma, CT shows distal

esophageal thickening, representing the primary

tumor, as well as a prominent paraesophageal

lymph node (arrow), suggestive of regional nodal

metastatic disease.
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compared tumor lengths on CT to lengths on the resected surgical specimens and

found overestimations ranging between 1.5 – and 7.5 cm in nearly 50% of patients

[17]. In addition to assessing the esophageal tumor length, in some patients it is

important to assess the degree of tumor extension into the stomach: if a large part

of the stomach is involved, then it is not suitable for use as a gastric conduit. In this

situation, the surgeons need to be aware that a colon interposition may be

necessary, and the patient needs colonic cleansing in preparation for surgery.

Unfortunately, CT is not generally reliable in evaluating for gastric tumor exten-

sion. These problems may be overcome in the future with better esophageal and

gastric distention techniques and newer generation CT scanners, using thin sec-

tions with high-resolution volumetric data, yielding detailed multiplanar and 3D

reconstructions and virtual endoscopy images [14,18].

Primary tumor (T) staging

Unlike EUS, CT is incapable of distinguishing the layers of the esophageal wall in

order to determine the depth of tumor invasion, i.e., T1 versus T2 disease

(Figure 5.7). Gross tumor invasion into mediastinal fat may be diagnosed at CT

(T3 disease), manifesting as abnormal soft tissue in the mediastinal fat, with or

without obliteration of fat planes between the esophagus and adjacent mediastinal

structures [10,19] (Figure 5.8). However, most investigators believe that CT is

unreliable in detecting or excluding minimal fat invasion [10,19] (Figure 5.9).

Figure 5.6 In a 66-year-old woman with

esophageal adenocarcinoma, CT shows an

enhancing distal esophageal mass (arrows).
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Figure 5.7 In a 63-year-old man with esophageal

adenocarcinoma, stage T2 according to endoscopic

ultrasonography, CT shows circumferential

esophageal wall thickening, without delineation of

the layers of the esophageal wall.

Figure 5.9 In a 70-year-old man with esophageal

adenocarcinoma, CT shows circumferential

thickening of the esophageal wall with soft tissue

stranding extending into the surrounding

mediastinal fat (arrows), suggesting T3 disease.

This was confirmed by pathological evaluation of

the esophagectomy specimen.

Figure 5.8 In a 74-year-old man with esophageal

squamous cell carcinoma, CT shows a mid

esophageal mass with soft tissue extending into

the surrounding mediastinum (arrows),

consistent with gross T3 disease.
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On the other hand, one recent study found that distention of the esophagus with

effervescent granules and postprocessing the data with multiplanar reconstructions

did lead to accurate assessment of extraesophageal tumor spread [14]. In general,

the major role of CT is to detect local tumor invasion into adjacent structures

(T4 disease) and/or presence of distant metastases (M1), suggesting inoperability.

The presence of a fat plane between an esophageal tumor and an adjacent medi-

astinal structure (e.g., central airway, aorta, and pericardium) is an accurate

indicator of lack of invasion of the structure (Figure 5.10). However, the converse

is not necessarily true: lack of a fat plane is not diagnostic for invasion (T4 disease) in

either cachectic patients or those with normal body weight. Moreover, adjacent fat

planes are sometimes obscured in patients who have undergone radiation therapy.

Deep invasion of the aortic wall is unresectable, whereas invasion limited to

the adventitia is generally resectable [20]. Various CT techniques and criteria have

been suggested to help diagnose or exclude unresectable aortic invasion. For exam-

ple, prone positioning has been advocated as a way to separate the tumor from the

aorta, thus allowing exclusion of aortic invasion [21]. An older study reported that

contact between the mass and the aorta over more than 908 of the aortic circum-

ference was 80% accurate for diagnosing aortic invasion [22]. A somewhat newer

Figure 5.10 In a 63-year-old man with esophageal

adenocarcinoma, fat plane between the

esophageal cancer and the aorta (arrow) indicates

lack of aortic invasion.
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study found that obliteration of the normal fatty triangle located between the

spine, esophagus, and aorta showed a sensitivity of 100% and specificity of 82%

in this setting [23]. Unfortunately, however, these criteria do not appear to be

reliable in clinical practice, and other studies have reported lower accuracies; for

example, Lehr et al. found sensitivity, specificity, and accuracy figures of 6, 85, and

58%, respectively [24]. Thus, suspected aortic invasion is difficult to prove pre-

operatively, and in most cases, this determination is a surgical one (Figures 5.11

and 5.12). Fortunately, however, unresectable aortic invasion is a very rare finding.

Unlike aortic invasion, tumor spread into the central airways is not rare and

should always be considered in a patient with an upper or mid thoracic primary

tumor. Flattening or indentation of the wall of the trachea or left mainstem

bronchus by an adjacent esophageal mass (particularly on inspiratory images) is

suggestive of invasion, although this finding may be caused by simple mass effect

upon the membranous portion of the airway, without invasion [25] (Figure 5.13).

Bronchial wall thickening is suggestive of involvement; frank abnormal soft tissue

in the lumen of the airway or a fistula between the esophagus and the airway are

specific, if extremely uncommon, findings of airway invasion. Overall, the reported

Figure 5.11 In a 73-year-old man with

esophageal adenocarcinoma, CT shows a

thickened esophagus surrounding a feeding tube.

Loss of the fat plane between the cancer and the

aorta (arrow) suggests that aortic invasion may

be present; no invasion was present at surgery.

Figure 5.12 In a 61-year-old woman with

esophageal squamous cell carcinoma, CT

demonstrates circumferential thickening of the

esophagus, loss of the fat plane between the

esophagus and the aorta, and obliteration of the

normal fatty triangle between the esophagus,

aorta, and spine (arrow), suggesting that aortic

invasion may be present; no invasion was

present at surgery.
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sensitivity for tracheobronchial involvement ranges from 31 to 100%, specificity

from 68 to 98%, and accuracies range from 74 to 97% [25]. Imaging features

suggesting invasion should be further evaluated with bronchoscopy and confirmed

with biopsy. Pericardial invasion is suggested by pericardial thickening and/or

effusion, obliteration of the fat plane between the tumor and the pericardium, or

mass effect upon the pericardium [10,26]. Extensive invasion is unresectable and

minimal invasion may be resectable.

Regional lymph node (N) staging

Diagnosing metastatic disease to regional lymph nodes with CT is limited for

two major reasons. First, a bulky primary esophageal mass may obscure adjacent,

involved lymph nodes [26]. Second diagnosis of lymph node disease is based solely

on size criteria. However, enlarged nodes may be benign and reactive in nature,

whereas small nodes may harbor microscopic metastases. Several size criteria for

lymph node enlargement have been suggested. Traditionally, 10 mm has been con-

sidered the upper normal limit for paraesophageal lymph nodes. For subdiaphrag-

matic nodes, an upper normal threshold of 8 mm has been used, with nodes between

6 and 8 mm considered as indeterminate [27]. However, more recently, Schroder and

colleagues have found these figures to be overestimations [28]. In a histopathological

study of specimens from 40 patients with esophageal squamous cell carcinoma, 1196

lymph nodes were analyzed, finding 129 lymph nodes with metastatic infiltration.

Figure 5.13 In a 57-year-old woman with

esophageal adenocarcinoma, CT shows a mid

esophageal mass that compresses the left

mainstem bronchus (arrow). Bronchial invasion

was confirmed bronchoscopically.
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Average maximum lymph node diameters were 5.1 mm (�3.8 mm) for tumor-free

lymph nodes and 6.7 mm (�4.2 mm) for tumor-containing lymph nodes.

Furthermore, only 9.3% of all resected lymph nodes measured 10 mm or more in

maximal diameter. In addition, there was no significant correlation between lymph

node size and the frequency of nodal metastases [28].

Recent studies using helical CT have demonstrated varied results in the detec-

tion of regional lymph nodes metastases, with sensitivities of 11–69%, specificities

of 71.4–95%, and accuracies of 65.6–83% [29,30,31] (Figure 5.14). Criteria for

diagnosing lymph node involvement varied among these studies. For example, Wu

and colleagues considered lymph nodes as positive if the short axis was greater than

10 mm [29]. Yoon used the same size criteria for all lymph node stations excluding

hilar lymph nodes, which were considered enlarged if they measured 10 mm in any

axis [30]. On the other hand, Kato and colleagues considered lymph nodes

involved if the long axis exceeded 10 mm [31].

Distant metastatic disease (M) staging

Romagnuolo et al. compared helical CT to EUS for celiac lymph node evaluation,

using aspiration cytology results as proof [32]. In this study, helical CT did poorly,

with sensitivity of 53%, specificity of 86%, positive predictive value of 67%, and

(a) (b)

Figure 5.14 In a 43-year-old man with newly diagnosed distal esophageal adenocarcinoma, CT shows

distal esophageal thickening, representing the primary tumor (a). There was metastatic disease to

regional lymph nodes in the gastrohepatic ligament (arrow on (b)).
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negative predictive value of 77% (Figure 5.15). Regretfully, the size criterion for

lymph node enlargement at CT was not mentioned.

CT scanning is often useful for detection of distant nodal metastatic disease in

paraaortic regions and in nonnodal sites (Figures 5.16 and 5.17). The sensitivity for

detection of hepatic metastases from gastrointestinal (GI) primary tumors is

reported to be approximately 70–80% [33,34]. Interestingly (and surprisingly), a

recent meta-analysis showed no significant difference in weighted sensitivity

between nonhelical and helical CT [34]. CT scanning of patients with esophageal

carcinoma should include a contrast-enhanced CT of the chest and abdomen, with

Figure 5.15 In a 66-year-old woman with distal

esophageal adenocarcinoma, an enlarged celiac

axis lymph node is seen at CT (long arrow). Biopsy

confirmed tumor involvement consistent with M1a

disease. Origin of celiac axis is indicated by short

arrow. (The primary tumor is shown in Figure 5.6.)

(a) (b)

Figure 5.16 In a 47-year-old man with esophageal adenocarcinoma, CT shows the primary tumor in

the distal esophagus and gastroesophageal junction (arrow on (a)). A small left paraaortic lymph

(arrow on (b)) was FDG avid at PET scanning (not shown), representing a distant lymph node

metastasis consistent with M1b disease.
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dedicated liver technique to optimize visualization of hepatic metastases. Among 201

CT examinations performed for staging purposes, Gollub and colleagues found that

none of the pelvic CT scans affected patient management and concluded that it is

therefore unnecessary to perform pelvic CT as part of the staging workup [35].

In spite of CT limitations in showing the local and regional extent of esophageal

tumor, multiple studies have demonstrated good correlation between CT staging

(a) (b)

(c) (d)

Figure 5.17 In a 52-year-old man with esophageal adenocarcinoma, CT (a) shows distal esophageal

thickening, representing the primary tumor. Metastases were seen in retrocrural lymph nodes (arrow

on (b)), right adrenal (arrow on (c)) and left adrenal (arrow on (d)) consistent with M1b disease.
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and patient outcome. Halverson et al. evaluated CT examinations from 89

patients and found that CT evidence of mediastinal invasion (specifically tracheal

and aortic invasion) or abdominal metastases predicted unfavorable patient out-

come [36]. Similarly, Unger et al. reported that in patients treated with che-

motherapy and radiation therapy, long-term survival correlated indirectly with

local extent of the tumor and the presence of distant metastases [37]. Ampil and

colleagues found positive correlation between lower CT stage and better prog-

nosis [38].

Magnetic resonance imaging

Several authors have reported that there is no real difference in staging accuracy

between MRI and CT for esophageal cancer [23,29,39]. MRI is more costly than CT

and less widely available; in addition, it is more difficult to perform, as respiratory

and cardiac gating and control of swallowing are needed, in order to optimize

images and avoid motion artifacts. Therefore, MRI is rarely used at most institu-

tions for routine staging [26,40].

Workup guidelines

Multiple staging modalities are available for evaluating patients with newly

diagnosed esophageal cancer. The following guidelines are followed by multiple

authors, yet may be varied according to local preferences and availability of

imaging technology [10,41]. Patients should initially undergo a history and phy-

sical examination, in order to detect gross evidence of metastatic disease. In

addition, complete upper GI endoscopy or barium upper GI series is indicated

to assess for mucosal extent of disease. A CT of the chest and abdomen with bolus

administration of intravenous contrast should then be performed to evaluate

the primary tumor for T4 disease and to look for lymph node, visceral, and other

distant metastatic disease. If the CT shows no distant metastases, and if the tumor

is in the cervical, upper thoracic, or mid thoracic esophagus, bronchoscopy is

generally performed to assess for airway invasion. PET has been shown to be more

accurate than CT in diagnosing distant metastases [34]. Therefore, if the disease

appears to be resectable at CT, patients may then undergo PET scanning for

detection of occult distant metastases; suspicious lesions should be biopsied for
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confirmation of disease. Assuming the PET study shows no evidence of distant

metastatic disease, a patient may then be examined with EUS for better T and N

stage evaluation; suspicious lymph nodes detected by EUS (regional or celiac axis)

should undergo EUS-guided fine-needle aspiration (EUS-FNA) biopsy.

At some institutions, patients with T1N0 disease on EUS and M0 disease on CT

and PET will undergo surgery, whereas those with deeper extent of tumor and/or

tumor-involved regional lymph nodes undergo neoadjuvant chemoradiation ther-

apy followed by surgery. M1 disease is usually treated nonsurgically, with chemor-

adiotherapy. Some centers perform laparoscopy to look for occult abdominal

metastases, particularly for tumors arising at the gastroesophageal junction

[42,43].

A cost-effectiveness study comparing CT, EUS-FNA, PET, and thoracoscopy/

laparoscopy found that CT plus EUS-FNA was the most inexpensive strategy and

offered more quality-adjusted life years, on average, than all other strategies except

for PET plus EUS-FNA [44]. The latter strategy, although slightly more effective,

was also more expensive. The authors recommended the use of PET plus EUS-FNA

unless resources are scarce or PET is unavailable [44].

Assessment of Response to Neoadjuvant Therapy

CT has been used to assess response to neoadjuvant chemotherapy and radiation

therapy, with mixed results. Using the Miller criteria to assess for response (e.g.,

partial response means reduction of 50% in tumor load on two examinations

obtained 4 weeks apart, with no new lesions) [45], Walker et al. compared

preoperative CT to resected specimens in order to evaluate response to chemother-

apy [46]. These authors found a wide discrepancy between CT and pathological

response rates: 48% of patients had complete or partial response on CT, compared to

90% on pathological examination. They concluded that change on CT correctly

predicted pathological response, but the lack of response on CT did not preclude

pathological regression. In a more recent study using helical CT with gaseous esopha-

geal distention, no correlation was found between postchemotherapy tumor volume

reduction at CT and either pathological response or patient survival [47]. However, a

study by Beer and colleagues reported that volumetric tumor measurements performed

2 weeks after initiation of neoadjuvant chemotherapy predicted histopathological

tumor response with 100% sensitivity and 53% specificity [48]. Thus, results have

been mixed, to date, in this setting.
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Recurrent esophageal cancer

Frequency and timing of recurrence

The majority of patients with newly diagnosed esophageal cancer already have

tumor spread outside of the esophageal wall into adjacent mediastinal tissues or

to distant locations [4]. Due to the systemic nature of the disease in most patients,

overall 5-year survival is dismal, approximating 13%, and tumor recurrence rates

after palliative or attempted curative treatment are extremely high [49]. Not

surprisingly, higher T and N stages of the primary tumor correlate with higher

recurrence rates [50,51]. More than 50% of patients will recur within the first year

after initial therapy, and most patients will die from recurrent tumor [51]. Proven

tumor recurrences may be treated with chemotherapy.

Location of recurrence

Recurrent esophageal carcinoma is usually multifocal, both locoregional and

distant, regardless of the type of therapy [52,53] (Figures 5.18 and 5.19). After

surgery, locoregional recurrences are generally extragastric, in the medias-

tinum, or in upper abdominal lymph nodes. Occasionally, tumors recur in the

intrathoracic stomach or at the esophagogastric anastomosis. There does not

appear to be correlation between the craniocaudal level of the primary neoplasm

and that of the recurrence, likely because of extensive tumor spread in perieso-

phageal lymphatics before the time of esophagectomy [52]. In addition, distant

metastasis can occur without local lymph node metastases, presumably because

lymphatic and hematogenous dissemination occur independently [54]. In one

series, distant metastases were found without locoregional lymph node spread in

Figure 5.18 In a 77-year-old man with recurrent

esophageal adenocarcinoma, CT shows recurrent

tumor 4 years after esophagectomy in paraaortic

and left renal hilar lymph nodes (arrows).
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40% of patients with recurrent disease [51]. According to a CT study, the most

common locations for distant recurrences are abdominal lymph nodes, lung,

liver, pleura, and adrenal glands, in decreasing order of frequency. Less common

locations include cervical lymph nodes, peritoneum, and bone [52]. A recent

autopsy study characterizing the frequency and distribution of disease following

‘‘curative’’ esophagectomy detected tumor in 63% of patients [55]. Interestingly,

43% of patients who died of disease not related to esophageal cancer had tumor

recurrence. Lymphatic and hematogenous spread was seen in nearly equal propor-

tions (42 and 40% of patients, respectively). Serosal and local recurrences were

each found in 26% of patients. Thoracic lymph node spread was more common

than abdominal nodal spread, which was, in turn, more common than cervical

nodal disease. Thoracic nodal disease was seen most frequently in pulmonary hilar

nodes.

Follow-up imaging

The overall accuracy of CT for detection of recurrence is reported to be about 87%

[52]. Routine surveillance CT scanning is not generally performed after definitive

(a) (b)

Figure 5.19 In a 69-year-old man with recurrent esophageal adenocarcinoma, CT obtained 3 years

after esophagectomy shows a normal appearing gastric interposition in the mid thorax (arrow on (a)).

However, a more caudal image (b) shows marked thickening of the stomach (arrow); this represented

biopsy-proven recurrent tumor.
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treatment. Rather, imaging is reserved for those patients with signs and/or symp-

toms suspicious for recurrent disease.

Benign findings simulating tumor recurrence

Benign CT findings may occasionally simulate recurrent disease (Figure 5.20).

For example, focal or diffuse thickening of the intrathoracic stomach may be the

result of incomplete distention or posttherapy edema [52,56], and focal mass-like

soft tissue at the anastomosis may be due to a benign anastomotic stricture.

Mediastinal fat infiltration may represent postoperative changes in the first 3

months after surgery but is not usual thereafter [56]. Isolated pleural and peri-

cardial effusions are often postsurgical or postradiation in nature, rather than

neoplastic; however, such effusions should be viewed with suspicion if there is

associated soft-tissue thickening and/or nodularity, or if the effusion is a new

finding several months or years after therapy, or there is evidence of recurrence

elsewhere [52].

One published study compared MRI and CT for diagnosing tumor recurrence

following transhiatal esophagectomy in 23 patients. The results demonstrated

better sensitivity for CT in detecting lung metastases and better sensitivity for

MRI in detecting bone metastases and gastric wall thickening. However, overall

Figure 5.20 In a 44-year-old woman, 2 years after

esophagectomy for esophageal adenocarcinoma,

CT demonstrates diffuse thickening of the

intrathoracic stomach (arrows). Upper endoscopy

revealed no abnormality, and the cause of the

gastric thickening was unknown.
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there was no significant difference in sensitivity, specificity, or accuracy when

evaluating multiple parameters and sites for disease recurrence [57].

Conclusion

Esophageal carcinoma tends to have spread beyond the esophageal wall at the time

of diagnosis, either directly to periesophageal tissues, to adjacent or remote lymph

nodes, and/or to distant sites. As a result, patients with this disease usually have

a dismal prognosis, and only patients with limited disease are suitable for poten-

tially curative surgery. CT has limited value in diagnosing tumor spread across the

layers of the esophageal wall. Nevertheless, it has a major role in staging local

spread in the mediastinum, as well as metastases to lymph nodes and remote sites,

thereby helping to determine which patients are suitable for surgery. CT may be

useful for evaluating response to chemotherapy and radiation therapy and for

evaluation of tumor recurrence after therapy.
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FDG-PET and PET/CT in Esophageal Cancer
Sheila C. Rankin

Introduction

The anatomical imaging techniques of computer tomography (CT) and endo-

scopic ultrasound (EUS) have limitations in the staging of esophageal cancer, in

assessing response to therapy, and in predicting survival. Functional imaging using

positron emission tomography (PET) has been shown to provide unique informa-

tion in other tumors and is increasingly being used in oesophageal cancer.

Positron emission tomography

PET is an imaging technique that can map functional activity before structural changes

have taken place and has established a recognized place in imaging cancer. The most

commonly used isotope at the present time is 18F-fluoro-2-deoxy-D-glucose (FDG),

which can differentiate malignant from normal tissue based on the enhanced glucose

transport and glycolysis exhibited by many tumor cells. FDG is a glucose analogue, and

both FDG and glucose are taken up by cells via the membrane glucose transporter

system and are phosphorylated by hexokinase. Unlike glucose, FDG-6-phosphate does

not cross the cell membrane and is trapped in cells and is visualized. It can be

dephosphorylated, but this is a slow process particularly in cancer cells that lack or

have reduced levels of glucose-6-phosphatase. FDG accumulation depends on the rate

of transport through the cell membrane that is mediated by glucose transporters

(GLUT). Many malignant cells, including gastrointestinal tumors, show increased

expression of GLUT-1, contributing to increased FDG accumulation, and this corre-

lates with tumor invasiveness and poor survival in some cancers. Cancers cells,

including esophageal cancer, may also show increased levels of activity of hexokinase
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and therefore increased uptake of FDG. Increased blood flow or hypoxia associated

with tumors may also increase FDG uptake [1,2].

Following intravenous injection FDG is continuously accumulated in meta-

bolizing cells. More than 40 minutes after injection the uptake of FDG in cells

is proportional to its glucose utilization with more uptake seen in viable tumor

cells than in necrotic tissue, but FDG uptake is also seen in inflammatory tissue.

An intravenous injection of 300–400 MBq of FDG is used in most institutions

and the patient is imaged at least 1 h after injection. Delaying the time of imaging

may improve the tumor to background ratio, although radioactive decay

may decrease the image quality. High glucose levels interfere with tumor targeting

via competitive inhibition of FDG uptake by glucose, and although an elevated

glucose does not preclude PET imaging, the tumor to background ratio may be

reduced.

Attenuation correction is performed both to improve anatomic localization and

to quantify the uptake. The commonest method of quantification is the standar-

dized uptake value (SUV), which is the ratio of injected activity to body weight

(concentration of radioactivity in the tumor (MBq/ml)� patient body weight (g)/

injected dose (MBq)). Although the SUV can be compared in the same patient on

the same scanner with standard imaging protocols, the same values cannot neces-

sarily be applied in all units.

The spatial resolution of the present FDG-PET systems is 5–8 mm. Lesions

smaller that 1 cm may therefore not be resolved fully and tracer concentrations will

be underestimated because of the partial volume effect; however, if the concentra-

tion of FDG is high enough, lesions less than 1 cm will be detected.

The development of the fusion of multidetector CT and a positron emission

scanner in PET/CT is now widely available. This combination allows the low-

dose CT to be used for attenuation correction with a decrease in overall scan time,

but with an increase in radiation dose to the patient, and also accurate anatomic

coregistration as the patient does not move between the two acquisitions. PET/

CT has a higher diagnostic accuracy than PET alone in esophageal cancer and

decreases the number of futile surgical procedures by detecting occult metastases

[3,4]. Bar-Shalom et al. [5] compared PET/CT, with PET reviewed side by side

with CT to assess detection, accuracy of localization, and characterization of

malignant sites in patients with esophageal cancer. PET/CT provided incremental

value in 22% (25 of 115 sites), and PET/CT was more specific and accurate than

PET alone for detection of sites of disease (81 and 90% versus 59 and 83%,

respectively).
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Staging

The prognosis for esophageal cancer is poor, and up to 50% of the patients present

with advanced disease with multiple sites of nodal involvement or distant metas-

tases. Patients with limited disease can be treated with surgery either initially or

following induction chemoradiotherapy (CRT). The surgical choices include eso-

phageal resection via a transthoracic approach with two- or three-field lymphade-

nectomy or transhiatal resection, but patients with distant metastases are not

surgical candidates and should be treated with CRT. Accurate staging using the

TNM classification is therefore important in order to suggest the most appropriate

treatment and to offer prognostic information.

T stage

Squamous cell carcinoma (SCC) and adenocarcinoma of the esophagus both

demonstrate high avidity for FDG [6,7,8], although SCC more so than adenocar-

cinoma. False positives will occur with esophagitis, either peptic or infective, and

also in patients with strictures that have been dilated. False-negative results occur

in small tumors, which is partly a reflection of the limited spatial resolution of the

present generation of PET scanners.

Kato et al. [9] examined 149 consecutive patients at diagnosis, mainly with SCC,

and identified the primary tumor in 80% overall. However, it did depend on the T

stage, with 43% of T1 tumors (18% of pT1a and 61% of pT1b), 83% of pT2, 97%

pT3, and 100% of pT4 tumors detected (Figure 6.1). Yoon et al. reported a

sensitivity of 91% for the detection of squamous cell cancer with all the pT1 or

pTis tumors missed [10].

Figure 6.1 FDG-PET of a patient with squamous cell carcinoma of the upper third of the esophagus.

Uptake in small right supraclavicular node, which was not identified on the original staging CT scan.
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The sensitivity for the detection for adenocarcinoma is more variable particularly

of the gastroesophageal junction and the proximal stomach. Even large-volume

tumors may show no or little uptake in 17–20% of cases [11,12]. This low avidity

appears to be related to the diffuse growth pattern and the degree of differentiation

of the tumor, with poorly differentiated tumors less avid. In gastric adenocarci-

noma Stahl et al. found low uptake in signet ring and mucinous carcinomas, with

67% of the mucinous adenocarcinomas visualized and only 25% of the signet ring

[13]. The high false-negative rate may be related not only to the large quantities of

metabolically inert mucin but also to the lack of expression of glucose transporters

(GLUT-1) on the signet ring cells, whereas patients with SCC of the esophagus have

been reported to have a high expression of GLUT-1 [14,15].

Although FDG-PET has a relatively high sensitivity in identifying the primary tumor,

it is unable to differentiate the layers of the esophagus and establish the T stage. Flamen

et al. studied a group of patients with both adenocarcinoma and SCC and found that

FDG was 95% sensitive in the detection of the primary tumor with a mean SUV of 13.5,

but there was no correlation between the SUV and the T stage at surgery [16].

Liberale et al. found no significant difference between PET and CT in the

detection of the primary tumor (sensitivity 87% for PET and 84% for CT),

although CT, with its superior spatial resolution, identified mediastinal invasion

not seen on the PET scan and was better for local staging [17]. The combination of

PET and CT may help in this regard but overall provides no additional advantage

for the primary tumor [5].

Endoscopic ultrasound provides the most accurate T staging and is superior to

both PET and CT, and although it may both overstage and understage patients,

remains the best modality for the assessment of the T stage [16,18,19].

N stage

The oesophagus has a rich and chaotic nodal drainage that extends from the neck

to the abdomen. The site of the primary is not a predictor of nodal involvement,

with 12% of upper oesophageal tumors involving the abdomen and 27% of lower

oesophageal tumors involving cervical nodes [20].

Nodal staging provides important prognostic information with a 5-year survival

for node-negative patients of 42–72% as opposed to that of node-positive patients

of 10–12% [21]. The number of nodes is important, and if more than four lymph

nodes are involved, survival is similar to that of M1 disease [22,23], and the size of

nodal deposit is an independent predictor of survival [24].
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Despite the importance of nodal staging, the noninvasive cross-sectional tech-

niques have well-known limitations. There are many studies assessing the accuracy

of PET for local nodal metastases, and the results are very variable. The earlier

studies produced good results. Flanagan et al. reported that PET was more sensitive

and specific than CT (72 and 82% for PET versus 28 and 73% for CT) [7], and Kole

et al. reported a sensitivity of 92% for local nodal detection [25]. The later studies

produced different results, with some of the reported variability arising from the

study methodology with mixed populations of adenocarcinoma and SCC and

whether the correlation was with a two or three-field lymphadenectomy or trans-

hiatal resection, which will identify fewer nodes and may understage the disease.

Kim et al. studied 50 patients with SCC, all of whom underwent two or three-field

lymphadenectomy and found PET more sensitive (52%) than CT (15%) with a

similar specificity [8]. Yoon et al. studied 81 patients with SCC and full surgical

correlation [10]. PET was more sensitive than CT for individual nodal groups (30

versus 11%) and also for nodal staging (64 versus 31%), but its specificity was less

(68 versus 86%), with false positive results in hilar lymph nodes in patients with

chronic lung disease or previous tuberculosis, and these authors concluded that

neither test was sufficiently sensitive for the detection of local nodal disease. Kneist

et al. were the only group to find CT more sensitive than PET but less specific (75

and 71% versus 42 and 94%, respectively) [26]; these authors thought FDG-PET

provided no management advantage and should be reserved for patients with

inconclusive CT findings.

Most institutions use the combination of CT and EUS for the assessment of the

primary tumor and nodal disease, and the results of the comparison of PET with

the combination of CT and EUS are conflicting. Choi et al. preformed a study in 48

patients with SCC and compared the results to EUS [27]; this group found PET

better than CT for individual nodes (sensitivity 57%, specificity 97%, and accuracy

85% for PET, and 18, 99, and 78% for CT, respectively) and also to be more

accurate for nodal staging than either CT or EUS (83% for PET, 60% for CT, and

58% for EUS). The poor results with EUS were attributed to incomplete examin-

ations because of tight stenotic esophageal lesions. Lerut et al. looking at a group

with both SCC and adenocarcinoma found that CT/EUS was more sensitive but

less specific than PET for locoregional nodes (sensitivity 83%, specificity 45%, and

accuracy 69% for EUS/CT versus 22, 91, and 48% for PET, respectively) [28].

Rasanen et al. who studied patients with adenocarcinoma also found EUS to be the

most sensitive test for local nodal disease, with PET the most specific (89 and 54%

versus 37 and 100%) [12]. Much better results were obtained by Lowe et al. who
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found that PET had a sensitivity of 82%, with CT, PET, and EUS comparable for

both sensitivity and specificity [18].

van Westreenen et al. in a systematic review of the literature looking at pooled

data for locoregional nodes found that the sensitivity for PET is 0.51 (95% CI

0.34–0.69) with a specificity of 0.84 (95% CI 0.76–0.91) [29]. Overall, the diag-

nostic accuracy for FDG-PET for nodal disease in esophageal cancer appears to be

lower than in other tumors such as non-small-cell lung cancer. False negatives may

be related either to small volume disease or to the obscuration of nodes in close

proximity to the primary tumor by uptake within the tumor (Figure 6.2). The

false-positive results include misinterpretation of physiologic uptake, for example,

in brown fat and skeletal muscle. Some of these problems will be overcome with

PET/CT with its superior anatomic resolution. Yuan et al. compared the results of

PET with those of PET/CT and found that there was an increase in sensitivity,

specificity, and accuracy with PET/CT for nodal staging (sensitivity 81%, specifi-

city 87%, and accuracy 86% for PET versus 93, 92, and 92% for PET/CT, respec-

tively) [30].

Despite the importance of nodal staging in management, there appears to be no

one noninvasive test that is both sensitive and specific for locoregional nodes.

FDG-PET will always have limitations in nodes close to the primary but is of more

value for other regional nodes, and EUS with fine-needle cytology holds most

potential, as the results are independent of nodal size [31].

Metastases

Patients with distant metastases in either lymph nodes or solid organs have a very

poor outcome and should not undergo surgical resection. Patients with only local

disease have a 60% 30-month survival, whereas if distant metastases are present,

the survival is only 20% [32]. The commonest sites of metastatic disease are in non-

regional lymph nodes, liver, lung, and bone. FDG-PET has been reported to be

superior to CT in non-regional lymph nodes, as it identifies tumor in normal-sized

lymph nodes where uptake is not obscured by uptake in adjacent tumor, and

enlarged reactive nodes may show no increased FDG uptake. False-positive results

occur in inflammatory processes including sarcoidosis and chronic lung diseases.

Kinkel et al. compared CT, US, MRI, and PET for the detection of liver metastases

from gastrointestinal tumors [33], and using a specificity of 85%, the sensitivity of

CT was 63%, US 55%, PET 90%, and MRI 76%, respectively, although a more

recent study by Selzner et al. found that contrast-enhanced multidetector CT and
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PET/CT produced very similar results in patients with liver metastases from

colonic carcinoma [34]. Kato et al. found FDG-PET was superior to isotope

bone scans particularly for lytic metastases (sensitivity 92% and specificity 93%

for PET versus 77 and 84% for isotope bone scans, respectively) [35], and Taira

et al. found PET/CT had a positive predictive value of 95% when PET and CT

findings were concordant, although there was a marked decrease in PPV when the

results were discordant [36]. Flamen et al. compared FDG-PET, CT, and EUS and

found that the diagnostic accuracy for metastatic disease was 82% for PET and 64%

(a)

(b)

Figure 6.2 PET/CT of adenocarcinoma of the mid esophagus. (a) On the FDG-PET study the primary

tumor is difficult to separate from the adjacent subcarinal nodes, but it easily identified as separate on

the PET/CT. (b) Same patient demonstrating positive celiac nodes and uptake in small mediastinal nodes.
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for EUS and CT combined, mainly because of the superior sensitivity of PET (74

versus 47%) [16]. Similar results were reported by Lerut et al., with upstaging in

15% and downstaging in 7% of patients [37]. However, Lowe et al. found that the

results for the three investigations were very similar [18], perhaps because in this

study all PET-positive lesions underwent biopsy for confirmation. This group

looked at the treatment assignment and found that although the results were

similar the tests were complementary, with EUS most useful for locoregional

disease and CT and PET more useful for the assessment of distant disease.

The sensitivity of FDG-PET decreases with decreasing size of tumor, with lesions

less than 1 cm often difficult to visualize due to the partial volume effect although if

they are very avid they will be seen. Luketich et al. studied 87 patients prior to

surgery and compared PET and CT using minimally invasive surgery (laparoscopy

and thoracoscopy) as the gold standard [32]. FDG-PET was superior to CT and

identified 69% of lesions, missing lung, liver, and peritoneal metastases that were

all less than 1 cm, giving a diagnostic accuracy of 84%. In this study CT was 46%

sensitive, with an overall accuracy of 63%. Blackstock et al. found occult metastases

in 40% of their patients with locally advanced esophageal cancer [38]. Those

patients who were upstaged with FDG-PET had a poor prognosis, with a 2-year

survival of 17% compared to 64% for those without occult metastases. Duong et al.

found FDG-PET was more sensitive and specific than EUS and CT for distant

metastases, with discordant results in 44% of patients, FDG-PET upstaging in 26%

and downstaging in 18%, and incremental treatment change in 32% [39].

Stahl et al. found that reading PET and CT together reduced the false-positive

rate for PET from 10 to 3%, with PET changing management in 15% [40]. This is

in agreement with the early studies comparing PET with PET/CT, where PET/CT

had an incremental value over PET alone of 22%, improving anatomic localization

and characterization of lesions, with a significant change in patient management in

10% [5,41].

There are an increasing number of studies on the effectiveness of PET in staging

esophageal cancer, and its main impact appears to be in the detection of occult

metastases. van Westreenen undertook a retrospective review of 203 patients

assessing the impact of preoperative staging on exploratory surgery [42].

Resection was abandoned in 38% because of distant metastases in 29% and locally

advanced disease in 9%, and FDG-PET was the only modality that predicted

curative surgery. However, as false-positive results may occur with inflammatory

or infective processes, histologic confirmation will be required if there will be a

significant change to patient management [43,44].
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Wallace and coworkers have compared the effectiveness of different strategies for

the preoperative assessment of esophageal cancer based on life expectancy, preva-

lence of disease, cost of procedures, and the probability of death from minimally

invasive procedures [45]. These authors concluded that the combination of CT with

EUS with fine-needle aspiration cytology (FNAC) was the most inexpensive and

offered more quality-adjusted life years. PETþ EUSþ FNAC was slightly more

effective but more expensive. The development of PET/CT combined with EUS

and FNAC would appear to be the best option but would also be more expensive.

Overall, the evidence indicates that FDG-PET should be performed prior to any

therapy undertaken with curative intent to exclude occult metastases [46].

Prognosis

In patients who undergo curative surgery without CRT, the number and location

of positive nodes and whether there is extracapsular spread influences survival

[8,47], and in those patients who receive preoperative CRT the posttreatment

staging, particularly the number of nodes and the size of the metatastatic deposit,

are independent prognostic factors for overall survival [9,48].

The advantage of FDG-PET in providing prognostic information has been demon-

strated by several authors. Choi et al. using multivariate analysis found that the tumor

length and the number of positive nodes on FDG-PET were independent significant

prognostic predictors of overall survival in patients with SCC, with the number of

PET positive nodes predicting both disease-free interval and overall survival [49].

Cerfolio et al. found the maximum SUV (SUVmax) was an independent predictor

of survival, with a 4-year survival of 89% in patients with a maximum SUV of 6.6 or

less, whereas it was 31% in those with an SUVmax of greater than 6.6 [50]. Rizk et al.

using an SUVmax of 4.5 found patients with an SUVmax less than this had a 3-year

survival of 95%, whereas if the SUVmax was greater than 4.5, the 3-year survival was

57%, and the survival advantage of an SUVmax value of 4.5 or less was seen within

different groups according to T stage [51]. Not all authors agree and Stahl et al.

found no correlation between the SUV and survival or tumor-free survival [40].

Treatment planning

Recently, FDG-PET has been integrated into radiotherapy planning since func-

tional images allow better delineation of the anatomical extent of the tumor and

associated lymphadenopathy. Vrieze et al. undertook a retrospective study of 30
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patients to determine the additional value of FDG-PET in the delineation of the

clinical target volume [52]. The lymph nodes were scored on conventional (EUS

and CT) and functional imaging, and the effect of discordant results on the

radiation field was assessed. There were discordant findings in 47%. In 10% of

patients FDG-PET would have increased the irradiated volume and in 10% the

volume would have been decreased. These authors suggested that as the chance of a

false negative with FDG-PET is not negligible the volume should not be decreased

if the conventional imaging is positive, but if the FDG-PET is positive, the volume

should be increased even if conventional imaging is negative. Leong et al. com-

pared PET/CT with CT for radiotherapy planning [53]. These authors assumed

PET/CT would more accurately demonstrate the full extent of disease and found

that PET/CT altered the clinical extent of tumor in 38%, identifying both distant

metastases and unsuspected regional disease. Radiotherapy planning with CT

alone would have excluded PET-positive disease in 69%, with the main difference

being in defining the tumor length. Moureau-Zabotto et al. found that the addition

of FDG-PET increased the gross tumor volume in 21% and decreased it in 35% of

their patients [54]. There was also a modification in the delineation of the gross

tumor volume, with an alteration in the total lung volume irradiated in 74%, dose

reduction in 12%, and dose increase in 13%. Konski et al. integrated FDG-PET and

EUS in the CT planning [55]. In this study the length of the tumor was significantly

longer on CT than on EUS or FDG-PET, and EUS identified more celiac and

periesophageal nodes compared with FDG-PET and CT. Both EUS and PET can

provide additional information to aid in the precise delineation of the gross tumor

volume.

Response assessment

The prognosis for locally advanced esophageal disease is poor (median survival 3–5

months), and the best option for cure in locally advanced disease is radical surgery,

but the long-term survival is still poor with frequent recurrences, suggesting that

tumors are being understaged by conventional imaging. Therefore, preoperative

multimodality therapy with chemotherapy with or without radiotherapy is now

being used in an attempt to improve surgical results with the aim of eradicating

lymphatic or hematogenous metastases, to improve survival and reduce local

recurrence [56,57], and also to shrink the primary tumor to improve resectabilty.

Patients who receive maximum benefit from neoadjuvant chemotherapy are those

who have a complete pathologic response, which occurs in 15–30% of patients, and

94 S. C. Rankin



this group have a 3-year survival of 60% [58]. Korst et al. found that patients who

responded to CRT had a 5-year survival of 63% compared with the 5-year survival

of 23% in the nonresponders, suggesting responders represent a group that may

benefit from surgery following neoadjuvant therapy [59]. Levine et al. demon-

strated the predictive value of FDG-PET in identifying responders [60]. In their

group of patients who underwent preoperative CRT 27% had a complete response

and 14.5% had residual microscopic disease. A pretreatment SUV of more than 15

was associated with a significant response in 77.8% of patients (complete and/or

microscopic residual), whereas if the pretreatment SUV was less than 15, only

24.4% had such a response. A decrease in SUV of more than 10 following treatment

was also associated with a significant response in 71% of patients, compared with a

response of only 33% if the decrease in SUV was less than 10.

However, in 15–19% of patients there will be disease progression during the

neoadjuvant therapy, and these patients do not benefit from the therapy, may

suffer toxic side effects, and the surgery might be delayed and no longer be

appropriate. In nonresponders survival is similar or worse after resection than in

those patients who undergo surgery without neoadjuvant therapy, with the non-

responders having a greater postoperative mortality and morbidity. Therefore, it

would be helpful to identify tumor response early in therapy, and in nonresponders

other treatment options including a change in chemotherapy, addition of radio-

therapy, or immediate surgery may be more appropriate.

Response to therapy is evaluated using the conventional imaging of CT and EUS.

Both of these modalities have difficulty differentiating viable tumor from post-

therapy necrosis and fibrosis, and the delay between cell death and tumor shrink-

age may influence any measurements (Figure 6.3). Alterations in metabolic activity

in response to therapy precede anatomic change, and FDG-PET has been shown to

be sensitive in imaging response to therapy in many other malignancies [61,62,63].

In an initial study by Weber et al. of patients with esophageal cancer FDG-PET was

undertaken before and 14 days after commencing cisplatin-based chemotherapy

[64]. Using an SUV reduction of 35% to indicate a response, this group found

metabolic response predicted a histopathologic response and was associated with

an improved survival (50 months). In a larger study the same group found the

metabolic responders showed a major histopathologic response rate (<10% viable

cells remaining) of 44% and a 3-year survival of 70%, whereas the nonresponders

had a histopathologic response rate of only 5% with a 3-year survival of 35% [65].

In this study, in those patients who had a successful resection, using multivariate

analysis metabolic response was the only factor predicting recurrence. Wieder et al.
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performed an initial FDG-PET followed by one 14 days after the commencement of

chemotherapy and one on completion of chemotherapy in patients with adeno-

carcinoma and found no correlation between the decreased FDG uptake and the

tumor size based on CT at 14 days [66], but the FDG reduction did correlate with

tumor size on completion of therapy, indicating that metabolic response was a

more sensitive indicator than tumor size in predicting response. This group

undertook a similar study in patients with SCC who underwent FDG-PET before,

2 weeks after induction chemo/radiotherapy, and again prior to surgery. They

found a significant difference in the SUV decreased between the responders

(44 � 15%) and the nonresponders (21� 14%), with the changes in metabolic

activity after 14 days being more specific for response than the changes at comple-

tion of therapy [67].

However, Gillham et al. studied 32 patients, predominantly with adenocarci-

noma, before and 1 week after commencement of CRT and obtained rather

different results [68]. This group found no significant difference in the reduction

(a)

(b)

Figure 6.3 Response to therapy. (a) Staging PET/CT pre treatment. (b) Postchemotherapy.

The size of the tumor is virtually unchanged on the CT scan but has shown a complete metabolic

response following chemotherapy.
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in SUV between the responders and nonresponders and suggested that radio-

therapy, which causes an inflammatory reaction, may mask the SUV reduction

in responders. They suggested that perhaps early assessment with FDG-PET for

response assessment should be limited to patients undergoing chemotherapy with-

out radiotherapy.

Other groups have looked at response assessment at the end of treatment prior

to resection. Flamen et al. found FDG-PET to be both sensitive and specific (71 and

82%, respectively) in identifying a major response [69], although response was

both overestimated and underestimated in 11%. This group also found the meta-

bolic response was a strong predictor for survival (median survival 16.3 months in

responders versus 6.4 months in nonresponders). Brucher et al. studied a group of

patients with SCC before and 3 weeks after neoadjuvant CRT prior to surgery [70].

In responders the SUV decreased by 72� 11%, but by only 42� 22% in nonrespon-

ders. Using a threshold of a 52% decrease in SUV, the sensitivity to detect response

was 100% with a specificity of 55%.

Westerterp et al. undertook a systematic review of CT, EUS, and FDG-PET in

assessing response to therapy, with receiver operating characteristic (ROC) analysis

used to summarize and compare the diagnostic accuracy of the three methods [71].

The sensitivity for CT, EUS, and FDG-PET ranged from 33 to 55%, 50 to 100%,

and 71 to 100%, respectively, and the specificity ranged from 50 to71%, 36 to

100%, and 55 to 100%, respectively. Overall, the accuracy for CT was much less

than for EUS and FDG-PET, although in these studies single-slice systems were

used and the results may be better with multidetector CT [72]. The results with

EUS and FDG-PET were very similar, although in 20% of patients the EUS was

either suboptimal or not feasible. There are some limitations to this review. The

overall number of appropriate studies was small, and in none of the studies was

there a direct comparison of the modalities within a single patient group; never-

theless, the authors concluded that FDG-PET was a promising noninvasive mod-

ality for assessing response, but larger studies with direct comparisons of the

modalities are needed.

Swisher et al. compared CT, EUS, and FDG-PET in a group of 103 patients who

underwent CRT prior to surgery [73]. Using post-CRT data, these authors devel-

oped thresholds for each modality to differentiate responders (<10% viable tumor

remaining) from nonresponders and used a wall thickness greater than 14.5 mm

for CT, tumor length greater than 1 cm for EUS, and an SUV greater than 4 in the

primary for PET. Using these criteria, FDG-PET was more accurate (76%) than

EUS (68%) or CT (62%). Only a post-CRT SUV greater than 4 was an independent
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predictor of survival, with a 2-year survival of 34% compared with a 2-year sur-

vival of 64% in patients with an SUV less than 4. None of the imaging modalities

could accurately differentiate a complete responder (0% viable tumor) from micro-

scopic residual disease (1–10% viable tumor), so a patient with a complete response

on imaging could have some residual disease and may require further intervention.

Duong et al. reported similar findings in their study comparing FDG-PET with

CT [74]. These authors found a complete metabolic response in 43% of the

patients, whereas only 8% demonstrated a complete response using CT criteria.

The 2-year survival in responders was 78 versus 33% in nonresponders. In this

study the complete responders in whom resection was not performed had a

comparable survival to those who underwent surgical resection, and these authors

suggested that potentially a more conservative approach of no resection could be

offered to those patients who had a complete metabolic response, with the proviso

that these patients should have close follow-up to detect early local relapse.

Overall, FDG-PET does appear to hold most promise for the assessment of

response, but a complete metabolic response does not exclude microscopic resi-

dual disease and the use of SUV data does have some problems, as this is not

necessarily reproducible in different institutions.

Recurrent disease

The recurrence rate after resection is high (34–79%), with the majority of recur-

rences presenting within 1 year and nearly all within 2 years after primary surgery.

Recurrences are classified as local or distant, with lymph node recurrence and

hematogenous metastases to the lungs common [75,76]. The therapeutic options

at this stage include radical or palliative re-resection, laser thermocoagulation,

stenting, chemotherapy, brachytherapy or radiotherapy, and early detection and

aggressive therapy may lead to prolonged tumor-free survival [77]. In approxi-

mately 30% of patients the recurrence is in the operative field, with lymph node

involvement or mediastinal masses. FDG-PET is less influenced by anatomical

distortion postsurgery or radiotherapy than the other imaging modalities and

should be helpful in these cases.

Flamen et al. in a study of patients with clinical or radiological suspected recur-

rence compared FDG-PET with the conventional workup of CT and EUS [78]. In

this study all equivocal lesions on any modality were called positive. The sensitivity

for FDG-PET for periesophageal recurrence was 100% with a specificity of 57% and

accuracy of 74%, whereas the conventional workup was 100% sensitive, 93%
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specific, and 96% accurate. The false positives on FDG-PET were found in those

patients who had stenotic lesions that had undergone repeated dilatations. The

majority of recurrences were distant metastases, and for the diagnosis of regional

and distant recurrence the sensitivity, specificity, and accuracy of FDG-PET com-

pared with conventional imaging was 94, 82, and 87% versus 81, 82, and 81%,

respectively (Figure 6.4). Although in this study there was no significant difference in

the results between the methods of investigation, on a patient basis FDG-PET did

provide additional information in 11 out of 41 patients (27%), identifying unsus-

pected recurrence in 5 and upstaging in a further 5 patients.

Kato et al. looked at a group of postsurgical patients, only 8% of whom were

symptomatic, but 35% had recurrent disease [79]. FDG-PET was 100% sensitive,

Figure 6.4 Recurrent tumor within the peritoneum – not identified as separate from the bowel

on the original CT.
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but only 75% specific for local recurrence compared to CT (84 and 86%, respec-

tively). FDG-PET may be more sensitive than CT for local recurrence, as CT may

fail to differentiate postoperative changes from recurrent tumors. The false posi-

tives for FDG-PET were in physiological uptake in the gastric tube and in med-

iastinal lymph nodes probably related to chronic lung disease. For distant

recurrence the diagnostic accuracy for FDG-PET and CT were similar for liver

metastases, whereas FDG-PET was less sensitive than CT (50 versus 100%) for lung

metastases, mainly because of the limited spatial resolution for FDG-PET where

small metastases less than 1 cm may not be identified. FDG-PET was more sensitive

for bone metastases (100 versus 17%, respectively), partly because a whole body

image was obtained with PET and half of the metastases were outside the regions

included in the CT scan. Zhang et al. found that PET/CT was significantly more

sensitive, specific, and accurate than CT alone (97.7, 100, and 85.7% versus 77.3,

61.7, and 78.6%, respectively) for recurrent disease [80].

Conclusion

The role of FDG-PET is established in many malignancies, and PET/CT provides

additional benefits. FDG-PET is now becoming more important in the management

of esophageal cancer, as it can distinguish between benign and malignant disease,

assess the stage of the disease, detect tumor recurrence, and perhaps more importantly

both monitor and predict response to therapy. It is also increasingly being used to

define radiotherapy portals, and future developments will include utilization of other

ligands to assess hypoxia, cell death, and protein metabolism [61].
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7

The Role of Surgery in the Management
of Esophageal Cancer and Palliation
of Inoperable Disease
Robert Mason

Introduction

In spite of improvements in diagnosis, staging, and treatment, the outcome for

patients with esophageal cancer remains poor. Although 1-year survival has

improved in recent years, there has been little change in the 5-and 10-year survival

(Figure 7.1). This is because many of the patients have metastatic disease, with a

large percentage having micrometastases. These have been found in the bone

marrow in patients undergoing resection in 88% of cases [1].

A significant factor in the improved 1-year survival is the reduction in inhospital

operative mortality (Table 7.1) [1,2,3,4]. This relates to improvement in staging,

fitness testing, technique, perioperative care, and probably most importantly

centralization of services in large centers (Table 7.2) [5,6,7]. In a study from the

United Kingdom there was a 40% reduction in operative mortality for every 10

patient increase in a surgeon’s caseload. [8]. Such large centers with dedicated

teams can achieve inhospital mortality figures of less than 2% by utilizing a

multidisciplinary team approach [4].

Another factor in improved short-term survival is the recognition that surgery

alone is not the answer for most cases and that survival benefits can accrue by the

use of preoperative neoadjuvant chemotherapy and possible chemoradiotherapy

[9]. This is certainly now the practice in the United Kingdom for all cases other

than early T1/2 N0 disease. Whether such treatment acts as a prolongation of

disease-free interval only or improves long-term cure remains to be determined.

What is evident is that preoperative chemotherapy identifies a group of patients

with aggressive disease who would do very badly with surgery – ‘‘selection by

oncology.’’

Carcinoma of the Esophagus, ed. Sheila C. Rankin. Published by Cambridge University Press. # Cambridge
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Accurate preoperative staging and discussion in multidisciplinary meetings

enable patients to be allocated to primary surgery for T1/2 N0 tumors, and

neoadjuvant chemotherapy (possibly with radiotherapy) followed by resection, if

no disease progression, for all T3 and N1 disease. Patients with M1a disease or T4

tumors involving the crura are also potential surgical candidates if significant

response has been seen with neoadjuvant therapy.

The majority of patients, however, will not be suitable for surgery at any stage

of their disease and require palliation of dysphagia by either intubation or

recanalization.

Table 7.1 Results of esophagectomy over time

Time period Inhospital mortality (%) One-year survival (%)

1960–1979[1] 29 45

1980–1988[2] 13 56

1990–2000[3] 9 63

2000–2003[4] 1.1 78

Table 7.2 Does volume of cases matter in esophageal surgery

(a) USA: Data from 1994 to 1999 (mortality corrected for coexisting

conditions)

Number of cases performed/year Observed mortality (%) (p< 0.001)

<2 20.3

2–4 17.8

5–7 16.2

8–19 11.4

>19 8.4

Surgeon volume more important than hospital volume [5,6].

(b) Holland [7]

Number of cases performed/year Hospital mortality (%)

1–10 12.1

11–20 7.5

>50 4.9
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Surgery

When considering a patient for surgery, there are three fundamental principles that

must be understood prior to the patient undergoing resection.

The first is that the patient must survive the procedure. This requires careful

assessment of comorbidity and optimization before surgery possibly using cardi-

opulmonary exercise testing.

The second point is that if all goes well there must be a realistic expectation of

survival in excess of 18 months. Quality-of-life studies have consistently demon-

strated that patients whose survival after resection is less than 18 months never

regain their preoperative quality of life [10].

The third point concerns the ability to resect all disease seen on imaging as an R2

resection leaving macroscopic disease has a very poor outcome [11]. The role of

PET/CT in the demonstration of small-volume metastatic disease has had a major

impact on resection rates.

If these three principles cannot be achieved, the patient is best treated by

nonsurgical means.

Principles of resection

The various approaches to resection of the esophagus are listed in Table 7.3

[12,13,14,15,16,17,18]. There is no agreed single approach for the esophagus in
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Figure 7.1 Outcomes for patients with esophageal cancer over time.
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all cases, and the maxim ‘‘the approach which gives best access to the most

difficult aspect of the operation’’ holds true. Anyone undertaking resection

must be familiar with all approaches. In general for tumors at the gastroesopha-

geal junction or lower-third esophagus (Siewert Type 1 and 2) either transhiatal

esophagectomy (THE), left thoraco-abdominal, or Lewis–Tanner (LT) approach

(abdomen and right chest incision) are appropriate. For middle-third tumors

either an LT or a three-stage resection (abdomen, right chest incision, and

anastomosis in the neck) is appropriate. Upper-third tumors are now largely

treated by primary chemoradiotherapy and surgery reserved in early-stage disease

when a three-stage resection with possible resection of cricopharyngeus is the

operation of choice.

The recent advent of minimally invasive approaches using laparoscopy and

thoracoscopy to undertake the abdominal and/or chest phases of the procedure

is gaining in popularity. There is no doubt that in the hands of an expert it is

possible to undertake virtually the whole operation this way [19]. The operation

takes longer to perform and has a significant learning curve, and there is no

evidence that intra- and postoperative complications as mentioned later are any

less. There are no randomized trials comparing minimally access surgery with

conventional surgery, and it is unlikely that a truly randomized trial will ever be

Table 7.3 Surgical approach and lymphadenectomy

Operation Plus Minus

Transhiatal (THE) Avoids thoracotomy ‘‘Not a cancer operation’’

[12,13] Reduced morbidity Only for junctional cancer

Anastomosis in neck

Lewis–Tanner (LT) Exposure Thoracotomy

[14,15] Lymphadenectomy Poor hiatal exposure

Stapled anastomosis Two-stage

Three-stage Total esophageal resection Thoracotomy

[16] Lymphadenectomy Increased morbidity

Anastomosis in neck Three-stage

Left thoracoabdominal Good hiatal exposure Lower-third tumors only

[17] One incision Costal margin problems

Minimally invasive Reduced morbidity ‘‘Not a cancer operation’’

Time
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performed due to surgeon bias and preference. Large comparative trials compar-

ing centers good at either laparoscopic or open surgery are possible and are

awaited.

There is only one significant prospective randomized controlled trial comparing

open operative approaches [20]. This study from Holland compared open THE to

a two-phase LT approach with two-field lymphadenectomy (Tables 7.4 and 7.5).

Table 7.4 Randomized study of operative approach: two-field Lewis–Tanner (LT)

versus transhiatal esophagectomy (THE) [20]

Early postoperative complications THE LT

Pulmonary (%) 27 56

Cardiac (%) 16 26

Anastomotic leak (%) 14 16

Right laryngeal nerve palsy (%) 13 21

Chylothorax (%) 2 10

Intensive care stay (days) 2 days 6 days

Inhospital mortality (%) 2 4

R0 resection (%) 72 71

Number of lymph nodes 16 31

Cost (euros) 24 000 37 000

Table 7.5 Results of randomized studies of operative approach [20]: two-field

Lewis–Tanner (LT) versus transhiatal esophagectomy (THE)

THE LT

Recurrence (%)

Local 14 12

Distant 25 18

Both 18 19

Median overall survival (years) 1.8 2.0

Three-year survival (%) 40 40

Overall 5-year survival (%) 29 39

Cost per quality of life year gained 41 500 euros
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This demonstrated that there was no significant survival benefit (Figure 7.2)

to the more radical approach that involves a thoracotomy, when compared

with transhiatal resection, but the more radical approach was associated with

significantly more complications. This is in agreement with data from meta-

analyses (Table 7.6) [21].
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Figure 7.2 Kaplan–Meier curves showing overall survival among patients randomly assigned

to transhiatal esophagectomy or transthoracic esophagectomy with extended en bloc

lymphadenectomy. (Hulscher et al. Copyright 2002 Massachusetts Medical Society. All rights

reserved [20]).
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Lymphadenectomy

Controversy also exists as to the extent of lymphadenectomy performed at

surgery. The pattern of spread for adenocarcinoma is to paraesophageal nodes

and then to the left gastric and celiac nodes. In contrast, for squamous cell

carcinoma isolated metastases to nodes out with the local field occurs in up to

one-third of cases [22].

The standard approach whether by transhiatal or by transthorasic approach

involves a one-field lymphadenectomy involving the left gastric and common

hepatic nodes especially for adenocarcinoma of the lower third and esophagogas-

tric junction. Advocates of more radical two-field lymphadenectomy removing

intrathoracic nodes including subcarinal glands claim a reduction in local recur-

rence but no significant survival benefits [23]. There is no doubt that the more

glands removed the more accurate the staging (stage migration) and a minimum of

12 glands are required to stage accurately. Those patients with more than four

positive glands do have a significantly worse prognosis. The Dutch study already

alluded to could show no benefit for the more radical lymphadenectomy, and there

is no proven benefit for removal of the thoracic duct.

The recognition that patients with squamous carcinoma can have isolated

lymph node metastases out with the local lymphatic field has lead some to advocate

Table 7.6 Meta-analysis comparing transhiatal esophagectomy

(THE) and two-field Lewis–Tanner (LT) resection

THE LT

Number of cases 2675 2808

Morbidity (%)

Respiratory 24 25

Cardiovascular 12.4 10.5

Chylothorax 2.1 3.4

Anastomotic leak 16 10

Stricture 28 16

Recurrent laryngeal nerve palsy 11.2 4.8

Thirty-day mortality (%) 6.3 9.5

Five-year survival (%) 24 26

Review of 62 papers published from 1986 to 1996 [21].
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radical three-field lymphadenectomy involving the neck in addition to the med-

iastinum and abdomen. This approach is particularly popular in Japan. In the West

where the majority of malignancy is adenocarcinoma, more radical three-field

lymphadenectomy has no proven benefit, although in small series of highly selected

patients there may be some survival benefit [24], but there is increased incidence of

complications.

Replacement conduit

Having removed the esophagus, how should it be replaced? Consensus dictates that

the stomach in the form of a thin gastric tube functions best and appears to have a

lower failure rate from ischemia. Both right and left colonic pedicles can be used if

stomach is not available. The routine use of pyloroplasty is controversial. The only

randomized trials show no benefit for such a procedure in preventing stasis in the

gastric tube especially if a narrow tube is used [25]. Jejunum can be used for

junctional tumors but, if brought higher, usually requires a microvascular anasto-

mosis to maintain viability. It is accepted that the preferred route for immediate

reconstruction is the posterior mediastinum [26] approach used. Neck anasto-

moses are associated with a higher leak and stricture rate than those performed in

the chest. However, death from a neck leak is extremely rare in contrast to a

symptomatic leak in the chest, which can result in mortality in up to 10% of

cases. The incidence of anastomotic complications does not appear to be related to

technique whether staples or sutures are used. Good blood supply and lack of

tension are the crucial factors.

Complications of esophageal resection

As described earlier, complications following esophagectomy occur in up to one-

third of cases. Apart from generalized complications of major surgery, esophagect-

omy is associated with specific complications that have a significant impact on

morbidity and mortality. These include chylothorax, recurrent laryngeal nerve

palsy, conduit failure, and anastomotic leakage and stricture.

Chylothorax resulting from damage to the thoracic duct is usually managed

conservatively with total parenteral nutrition unless loss exceeds 500 ml/day for 2

days. In this case reexploration via the right chest is required. It is best prevented by

formal identification and ligation of the thoracic duct at T10 at the time of

lymphadenectomy.
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Recurrent laryngeal nerve injury usually involves the left nerve and occurs at the

time of intrathoracic lymphadenectomy or when the esophagus is mobilized in the

left neck for anastomosis following transhiatal resection. Awareness and preserva-

tion is the best prevention. Damage to one nerve produces problems with coughing

and hoarseness of voice. It can be treated by injection of collagen or Teflon.

Bilateral nerve injury necessitates a tracheostomy.

Major conduit failure presents within 24–48 hours as a rapid deterioration and

presence of GI fluids in chest drains. Early recognition and return to theater are

mandatory. The reason for failure is usually technical/ischemia and necessitates

conduit removal, a cervical esophagostomy, and a feeding jejunostomy.

Reconstruction can be undertaken using either left colon or supercharged jejunum

either substernal or subcutaneous at a later date [27]. If the defect is a short area of

necrosis on the staple line of a gastric tube and the tube as a whole is viable, local

excision and suture with or without a T tube can be performed.

Radiological leaks with no clinical upset can be managed conservatively but if

associated with major deterioration of the clinical picture and sepsis may require

conduit resection as described. The use of removable plastic stents has been

advocated but must be used with extreme caution.

Anastomotic stricture is more common with neck anastomoses and is usually

due to ischemia. They invariably respond to endoscopic balloon dilatation,

although this may need to be repeated and in rare instances the stricture stented –

preferably with a removable plastic stent. Stenoses appearing late – in excess of 6

months postoperative – should alert the clinician to local recurrence.

Postoperative management

In the postoperative management of patients undergoing esophagectomy, contro-

versy exists as to the wisdom of postoperative ventilation [28]. Recent studies have

suggested that patients can be safely extubated on table at the end of surgery. These

series all have a higher inhospital mortality than our unit where elective ventilation

is the rule [4,29]. The logic for ventilation is to optimize oxygen delivery to the

tissues in the crucial first 24 hours. It is likely that selective extubation when certain

agreed ‘‘goals’’ are reached is the best answer. The lack of proper intensive care

backup must not be used as an excuse for suboptimal management. It is now

accepted that postoperative feeding benefits the patient and that this is best

administered enterally via a feeding jejunostomy tube.
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Palliation of malignant dysphagia

In spite of improvement discussed earlier, the majority of patients will not be

suitable for surgery either due to advanced disease or due to comorbidity and poor

fitness levels. Such patients require palliation of their symptoms particularly

dysphagia. In those who are fit enough, radical therapy with chemoradiotherapy

may be indicated, but most will not be able to tolerate this. In these cases relief of

dysphagia can be achieved by several means. These include intubation with rigid or

self-expanding tubes, or necrosis/vaporization of tumor to recanalize the

esophagus.

The original methods of palliation involved the placement of rigid plastic tubes

either by pulsion (Celestin) or drawing through the stricture at open surgery

(Mousseau Barbin). Such tubes have been largely replaced by self-expanding

metallic stents that can be placed either endoscopically or under fluoroscopic

guidance. These do not require preinsertion dilatation and have lower morbidity

at insertion. Several different designs are available and can be either uncovered

mesh or mesh coated with plastic to reduce tumor ingrowth. These stents are not

without complications that include migration, particularly in covered stents cross-

ing the esophagogastric junction, recurrence of dysphagia, bleeding, and pain

resulting from the gradual radial dilatation of the stent. This latter complication

is frequently underreported and on occasions may necessitate stent removal.

Migration of stents at the cardia has lead to novel designs including conical designs

[30,31].

Recannalization of malignant strictures can be achieved by laser with or without

photodynamic therapy, which is discussed elsewhere. It can also be achieved by

argon beam photocoagulation, diathermy via a bicep, and by chemical necrosis

induced by injection of absolute alcohol.

The use of palliative surgical bypass of unresectable tumors has been largely

abandoned.

It appears from the literature that there is no single technique that is better in all

cases. Each technique is effective in roughly two-thirds of cases and comparative

studies are listed in Tables 7.7 [32,33,34,35,36] and 8 [37,38,39,40,41,42,43]. These

studies usually involve small numbers of cases randomized and show little advan-

tage for any single modality. In the largest series to date Shenfine et al. could not

demonstrate superiority for any individual technique [44]. General consensus is

that covered soft self-expanding metallic stents work best for mural and extramural

disease and laser for polypoid soft intraluminal disease.
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The serious complication of perforated carcinoma or malignant tracheoesopha-

geal fistula is best treated by stenting, although for high fistulae parallel esophageal

and tracheal stents may be required (Figure 7.3) [45].

Conclusions

� The significant increase in the incidence of esophageal cancer in the West is a

result of adenocarcinoma around the gastroesophageal junction.

� Patients with T3 and/or N1 disease benefit from multimodal therapy.

Table 7.7 Randomized trials of palliation

� Laser versus plastic tubes

No difference in relief of dysphagia or morbidity [32]

� Laser versus ethanol injection

No difference in relief of dysphagia or frequency of treatment [33]

� Laser versus brachytherapy

No difference in relief of dysphagia [34]

� Laser alone versus laserþ radiotherapy (RT) or brachytherapy

The addition of RT or brachytherapy reduces the frequency of intervention, no survival benefit

[35]

� Laser alone versus laserþECF chemotherapy

ECF reduces the need for laser and possibly prolongs survival [36]

Table 7.8 Randomized trials of palliation

� Stents versus plastic tubes

Both relieve dysphagia. Stents better than plastic tubes. Less morbidity with stents [37,38,39]

� Stents versus laser

Stents better than laser at relieving dysphagia [40]

� Stents versus laserþ radiotherapy

More re-stenosis, greater morbidity/mortality with laser plus radiotherapy [41]

� Stents versus thermal ablation

Thermal ablation has a survival benefit over stents. Stents cause more pain than thermal

ablation [42]

� Stents versus surgical bypass

Better relief of dysphagia with stents. Mortality with surgery 25% [43]
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� Prior to consideration of surgery, full assessment of fitness and staging must be

undertaken.

� Centralization of services improves outcome of surgery with regard to morbid-

ity and mortality.

� No single operative approach or the extent of lymphadenectomy has been

shown to be superior in the West, although adequate lymphadenectomy should

be performed to enable correct staging.

� For palliation, all techniques appear to be equally effective.

� For complications such as fistula or perforation, covered self-expanding metallic

stents are the treatment of choice.
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Chemotherapy and Radiotherapy
in Esophageal Cancer
Peter Harper and David Landau

Introduction

Over 7600 cases of esophageal cancer are diagnosed in the United Kingdom every

year. The overall survival is about 8%, and whilst there has been some improve-

ment over time, this has not been dramatic and appears to date back to the mid

1980s (Figure 8.1) [1]. To improve these figures significantly will require preven-

tion, earlier diagnosis, and more effective systemic therapies.

Development of chemotherapy

A UK multicenter trial, published in 1997, established epirubicin, cisplatin, and

infusional 5-fluorouracil (5-FU; ECF) as the combination of choice in the UK and

Europe [2]. In this study 256 patients were randomly assigned to the then standard

FAMTX regime (5-fluorouracil, doxorubicin, and methotrexate) or to ECF. About

51 patients had esophageal, 60 esophagogastric, and 145 gastric cancer. The overall

response rate was 45% with ECF and 21% with FAMTX (p¼ 0.0002), the median

survival was 8.9 versus 5.7 months with FAMTX and, at 1 year, 36 versus 21% of the

patients were alive.

With improvements in chemotherapy supportive medication, for example, the

introduction of HT-3 antagonists for anti-emetic cover, cisplatin-based che-

motherapy has become the treatment of choice for the majority of patients

requiring chemotherapy.

Recent developments in drug therapy have increased the options for trials of

systemic therapy. None has yet been proven to improve on ECF in terms of efficacy,
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although recent trials have shown at least equivalent activity with reduced toxicity

with some new agents.

Development of radiotherapy

For early disease, the RTOG 85-01 trial showed clearly that lower dose radio-

therapy combined with chemotherapy was a more effective treatment than the

higher dose radiotherapy alone and this is now standard treatment [3,4].

Developments in radiotherapy technology in general have led to improved target

definition for esophageal irradiation as well as improved treatment delivery. The

next anticipated step forward is the use of targeted radiosensitizing agents that will

hopefully further widen the therapeutic window.

No definitive randomized study has been published comparing surgery with

chemoradiotherapy as the local modality of treatment. There remain therefore a

significant number of patients for whom either surgery or chemoradiation might

be indicated. Which treatment is chosen will often have more to do with local

biases and available skills than with the evidence base.

In each section of this chapter, there is a review of evidence behind current best

practice, current controversies, and promising areas of research. All members of

the multidisciplinary team should have knowledge of the evidence that drives the

decision-making process.
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Figure 8.1 Five- and ten-year relative age-standardized survival for esophageal cancer patients aged

15–99, England and Wales, 1971–2001. (CRUK 2004 with permission [1].)
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Radical treatment

Neoadjuvant chemotherapy

The aim of using chemotherapy prior to surgery is twofold: first, to try and shrink

the tumor prior to resection and so achieve higher complete resection rates, and

second, to treat any potentially eradicable microscopic metastases as early as

possible, in order to improve overall survival.

Current best practice

In 2002 Urschel et al. performed a meta-analysis of 11 randomized controlled trials

of neoadjuvant chemotherapy, which included a total of 1976 patients [5]. A

clinical response to chemotherapy was observed in 31% of patients, and 5% had

a complete pathological response. Compared with surgery alone, neoadjuvant

chemotherapy and surgery was associated with a lower rate of esophageal resection

overall but a higher rate of complete resection. Chemotherapy did not increase

treatment-related mortality, but no survival benefit was demonstrated. The largest

single trial in the 2002 meta-analysis was that of Kelsen et al. [6], in which 440

patients were randomly allocated to receive either two cycles of the CF (cisplatin þ
5-FU) regime or surgery only.

The MRC OE-02 (2002) trial randomized 802 previously untreated patients with

resectable esophageal cancer of any cell type to either two cycles of preoperative CF or

resection alone [7]. Resection was microscopically complete in 233 (60%) of 390

assessable chemotherapy patients and 215 (54%) of 397 surgery-only patients

(p< 0.0001). Overall survival was better in the chemotherapy group (hazard ratio

0.79; 95% CI 0.67–0.93; p¼ 0.004). Median survival was 16.8 months in the che-

motherapy group versus 13.3 months for surgery alone and 2-year survival rates were

43 and 34%, respectively (Figure 8.2). A repeat meta-analysis including the MRC trial

showed a significant 4.4% improvement in 2-year survival [8]. There was no signifi-

cant difference in the results between adenocarcinoma and squamous cell carcinoma.

Neoadjuvant chemotherapy is now standard treatment as a result of these trials.

In general, patients with T3 disease or greater and those with clinically positive

nodes are selected for preoperative chemotherapy.

Current controversies

Positron emission tomography (PET) offers the potential to predict at an early

stage which patients are responding to therapy and which not. This would allow
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intensification of therapy in responders and early abandonment to surgery in

nonresponders [9,10]. However, no definitive trial has yet been completed on

this question.

Promising areas of research

The current OE-05, CRUK-sponsored study in the UK compares two different

chemotherapy schedules in the neoadjuvant setting: two cycles of CF versus four

cycles of epirubicin, cisplatin, and capecitabine (ECX), which has been shown in

the REAL 2 trial to be effective in advanced disease (see section on palliative

chemotherapy).

Recent studies in lung cancer have demonstrated that platinum sensitivity

might be predicted on histological specimens [11]. These, and other similar
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Figure 8.2 Kaplan–Meier curve showing survival from date of randomization. (Reprinted from [7],

with permission from Elsevier.)
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investigations, have clear applications to esophageal cancer as well as many other

tumor types.

Neoadjuvant chemoradiation

The rationale for this is similar to neoadjuvant chemotherapy but recognizes the

fact that a high proportion of patients fail locoregionally after surgery.

Chemoradiotherapy is aimed at intensifying the locoregional therapy whilst not

compromising on systemic treatment.

Current best practice

There is no routine role for trimodality therapy. It is likely that there are patients

who will benefit from this approach, although their selection is not

straightforward.

Current controversies

As this whole area is controversial, it is appropriate to review the available

evidence in this section. Two papers have presented meta-analyses on the subject,

using different criteria for selection of randomized studies that compared neoad-

juvant chemoradiation with surgery alone and using different criteria for their

analysis.

Kaklamanos et al. combined five trials totaling 669 patients and used absolute

differences in survival as the main endpoint [8]. They found a benefit of 6.4% (95%

CI 1.2–14.0) in 2-year survival for patients receiving neoadjuvant chemoradiother-

apy, with no evidence of heterogeneity between trials. Surgical mortality was

increased by 3.4% (95% CI 0.1–7.3). Urschel et al. identified nine studies totaling

1116 patients and used odds ratio figures to investigate the combined data [12].

Having pointed out the significant heterogeneity of the clinical schedules, they

report a combined improvement in both locoregional recurrence (OR 0.38, 95%

CI 0.23–0.63; p¼ 0.0002) and R0 resection rates (OR 0.53, 95% CI 0.33–0.84;

p¼ 0.007). This translated into a 2-year survival advantage (OR 0.66, 95% CI

0.47–0.92; p¼ 0.016). They too found evidence of increased surgical mortality (OR

1.72, 95% CI 0.96–3.07; p¼ 0.07).

Combined, these two meta-analyses provide some basis for selective trimodality

and a very good background for a definitive randomized trial to compare different

neoadjuvant approaches. To date no comparison between neoadjuvant che-

motherapy and neoadjuvant chemoradiation is available.
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Definitive chemoradiation

Current best practice

The RTOG 85-10 trial compared the outcome of 121 patients randomly allocated

to either 64 Gy in 32 fractions radiotherapy alone or 50 Gy in 25 fractions plus four

cycles of CF, of which the first two were concomitant with radiation [3,4]. Median

survival in the combined therapy group was 14 months compared to 9.3 months in

the radiotherapy only group, and 5-year survival in the combined therapy group

was 27 versus 0%. The trial was stopped early after an interim analysis.

A subsequent Intergroup trial compared the same combination to one with an

increased dose of radiotherapy, 64 Gy in 32 fractions [13]. No further advantage

accrued from the more intensive treatment.

Radiotherapy planning should be performed with a CT-planned, 3D, conformal

therapy technique. The safety of the treatment is measured by use of dose–volume

histograms that describe the distribution of radiation in normal tissues. Particular

care must be taken to avoid overtreatment of the lungs. More recently, our

attention has been drawn to cardiac exposure [14,15]. Unfortunately, long-term

outcomes need to improve significantly before this becomes a problem for the

majority of patients.

Current controversies

The role of PET is always a good topic for controversy, and this is certainly true for

radiotherapy planning. Two studies have investigated the impact of PET on target

definition for radiotherapy planning and confirmed that it may well have a useful

role (Figure 8.3) [16,17].

Intensity-modulated radiotherapy (IMRT) is a delivery technique, based on

high-technology planning algorithms, that produces highly conformal treatment

plans. This means that the shape of the high-dose radiotherapy region more closely

matches the exact shape of the target. Studies have shown that this is likely to

decrease the exposure of normal lung tissue [18,19]. Since radiation pneumonitis is

not a dose-limiting toxicity, however, and given that there seems to be no benefit to

dose escalation, it remains to be seen what role IMRT will have in esophageal

cancer.

Promising areas of research

As in all areas of radiotherapy, the potential of combinations with relatively

nontoxic targeted agents is being investigated. The SCOPE 1 trial, being set up
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by the CRUK Upper GI Group, will investigate the addition of bevacizumab, a

vascular-targeted agent, to the standard radical chemoradiation schedule.

Adjuvant chemotherapy or chemoradiation

This is treatment administered following radical surgery to reduce the risk of

relapse.

Current best practice

There are no randomized data to support these treatments. Their use is limited to

patients who have either been understaged preoperatively and then found to be

node-positive or to have positive radial margins or to exceptional patients who

were not fit for preoperative therapy but are fit for postoperative.
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Figure 8.3 Impact of computed tomography (CT) and 18F-fluoro-deoxy-D-glucose-positron emission

tomography (FDG-PET) image fusion for delineation of gross tumor volume (GTV). (a) Virtual simulation

with CT alone. (b) Virtual simulation with CT and FDG image fusion. Orange, GTV; purple, planning target

volume (PTV); yellow, right lung; blue, left lung; pink, heart; green, spinal cord; dark yellow, esophagus;

violet, lateral tracheal node discovered on PET. (Reprinted from [16], with permission from Elsevier.)
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One study of 59 patients reported improved results compared to historical

controls when treating with cisplatin and paclitaxel after surgery [20]. In general,

patients are given the benefit of the doubt that they might reap similar benefits to

preoperative patients, although practices vary.

Adjuvant chemoradiation is usually reserved for patients with positive radial

margins. What constitutes a positive radial margin is not clear, although less than

1 mm may be used with some justification [21]. Data from the limited studies

available are conflicting and in no way provide definitive support for adjuvant

chemoradiation [22,23,24].

Palliative treatment

Chemotherapy

This is chemotherapy given without curative intent. The label ‘‘palliative’’ is

misleading, as it implies that the main purpose of the treatment is to improve

symptoms. The inference that symptom-free patients should therefore not receive

chemotherapy is by no means true. In the modern world of multicenter oncology

trials, no new regimen can be introduced into the clinic purely on the basis that it

palliates symptoms; there must be a survival advantage too. There is usually far

more to be gained with chemotherapy, even in a noncurative setting, than with

simple palliation.

First line

Current best practice

As described in the introduction to this chapter, ECF chemotherapy has been the

standard regime in use since the mid 1990s. More recently, the REAL 2 trial

investigated the switch of cisplatin to the less toxic oxaliplatin and of continuous

intravenous infusional 5-FU to oral capecitabine [25,26]. Again, patients with

esophageal, GOJ, and gastric cancers were included. A total of 964 patients were

recruited into a four-arm trial. Overall, survival with the new drugs was not worse

than with the older regime (it may even have been slightly better), whilst response

rates seemed to be generally better with the new regimes. Toxicities were swapped

rather predictably with less neutropenia and renal toxicity with oxaliplatin but

more neurotoxicity. Likewise, capecitabine resulted in more lethargy and hand–

foot syndrome but allowed the omission of the indwelling venous catheter.
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Other smaller studies have also recently shown a similar trend toward improved

efficacy and reduced toxicity with oxaliplatin and capecitabine [27,28]. There is

now, therefore, the option to design the drug combination according to individual

patient’s needs.

Current controversies

The standard regime in the USA has been CF, i.e., ECF without the epirubicin but

with a higher dose of cisplatin. This is based on a small study of less than 100

patients that used single agent as a comparator [29]. The response rate was 35%

(versus 19% with cisplatin alone) and the median survival 33 weeks, compared to

40% and 10 months with ECF (comparing across trials). In the most recently

reported International CF trial (like REAL 2, switching 5-FU to capecitabine), the

response rate was 29% and the median survival 9.3 months [27]. It is not possible

to say whether ECF or CF is the better regime without a direct comparison.

The majority of trials have recruited patients separately into protocols for gastric

and GOJ and for esophageal cancers. It remains to be seen whether there is a

meaningful distinction between the two groups in the context of advanced disease.

Promising areas of research

In order to improve results from systemic therapy, new drugs have been investigated.

These include taxotere [30] and irinotecan [31]. The most exciting developments are

likely to come with the introduction of new targeted agents. As an example, a recent US

multicenter phase II trial including 47 patients with GOJ or gastric cancers investigated a

schedule of cisplatin, irinotecan, and bevacizumab (a new vascular-targeted agent). They

showed a promising response rate of 65% and median survival of 12.3 months [32].

Second line

Current best practice

No randomized trials have been performed in this setting. Promising regimes

include cisplatin and taxotere and irinotecan plus 5-FU [33,34].

Radiotherapy

Local palliation can be achieved with short courses of radiotherapy. Dysphagia can

be managed with either radiotherapy or stent insertion. Radiotherapy is very useful

for bleeding lesions and painful metastases.
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Conclusion

This chapter is a summary of the current oncological practice in esophageal cancer.

Armed with this knowledge, each member of the multidisciplinary team should be

able to gain significant benefit from the review meetings.
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Role of Stents in the Management
of Esophageal Cancer
Tarun Sabharwal and Andreas Adam

Introduction

Esophageal cancer is the sixth leading cause of death from malignant disease

worldwide [1,2]. Patients may have no symptoms until the diameter of the

esophageal lumen has been reduced by 50%, resulting in late presentation and

poor prognosis [3]. Esophageal neoplasms are associated with a poor outcome,

with an overall 5-year survival rate of less than 10%. Fewer than 50% of patients are

suitable for resection at presentation, and palliation is the best option for those

with irresectable lesions [3,4].

Esophageal stents for palliation

The aims of palliative treatment are maintenance of oral intake, minimizing

hospital stay, relief of pain, elimination of reflux and regurgitation, and prevention

of aspiration [3,5,6]. Current methods of palliation include thermal ablation

[7,8,9], photodynamic therapy [10,11,12], radiotherapy [13], chemotherapy

[14,15], chemical injection therapy [16,17,18], argon beam or bipolar electrocoa-

gulation therapy [19], enteral feeding (nasogastric tube/percutaneous endoscopic

gastrostomy) [20,21,22], and intubation with self-expanding metal stents (SEMS)

or semirigid prosthetic tubes [5,6,23,24,25,26].

Endoluminal esophageal prostheses have been in use for over a century. A

variety of tubes inserted using pulsion or traction have been described. Leroy

d’Etiolles made the earliest device in 1845 of decalcified ivory, followed by

Charters J. Symonds who introduced the first metal esophageal prosthesis in

1885 [27]. Esophageal stenting using SEMS is the commonest modern means of

palliation and is associated with high success rates and relatively few complications.
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Indications for placement

These are listed in Table 9.1.

Contraindications

There are no absolute contraindications for esophageal stent placement, but there

are several relative contraindications that include

� INR > 1.5 and platelets

� recent high dose of chemo/radiotherapy (3–6 weeks) because of increased risk of

hemorrhage and perforation [38,39];

� severely ill patients with limited life expectancy;

� obstructive lesion of the stomach and/or of the small bowel due to peritoneal

seeding;

� severe tracheal compression that would be made worse by esophageal intuba-

tion; and

� very high stenoses, close to the vocal cords.

Current stents and stent selection

Three main groups of self-expanding stents are available, which differ in material,

shape, and radial force. These are Nitinol stents (Figure 9.1) [23,24], stainless steel

stents, and plastic stents.

There are several types of devices available such as the esophageal Wallstent

(Boston Scientific, Natick, Massachusetts) [7,40,41,42], the Ultraflex stent (Boston

Table 9.1 Indications for esophageal stent placement

� Malignant esophageal obstruction [5,26,28,29,30,31]

� Tracheoesophageal fistulae [32,33]

� Primary or secondary tumors within the mediastinum causing extrinsic esophageal

compression [34]

� Esophageal perforation [26,28,35,36]

� Treatment of symptomatic malignant gastroesophageal anastomotic leaks [37]

� Anastomotic tumor recurrence following surgery [6]
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Scientific) [7,28,43,44], the Gianturco-Rösch Z stent with or without antireflux

distal valve (William Cook Europe, Bjaeverskov, Denmark) [29,45,46,47], the

EsophaCoil (IntraTherapeutics, St. Paul, Minnesota) [48,49], the Flamingo stent

(Boston Scientific) [48], the FerX-Ella stent with antireflux distal valve (Radiologic

Ltd.) [50], the Choo stent (Diagmed, UK) [51], the Memotherm (C.R. Bard,

Germany) [42], the Song stent (Sooho Medi-tech, Korea) [52,53], and the

Polyflex esophageal stent (Rusch1, Germany) [54,55,56].

All available types of stents can provide adequate relief of dysphagia caused by

intrinsic esophageal tumors. The main factors influencing the choice of a stent are

the location and the characteristics of the stricture.

Early covered stent designs were associated with high rates of migration, making

it necessary to use uncovered devices when treating lesions at the cardia, in order to

minimize the occurrence of this complication [26,28]. Current designs of covered

stents incorporate features such as proximal flaring, partly uncovered portions,

and placing the covering material on the inside, which reduce the rate of migration.

Therefore, covered stents are usually preferred, as they minimize the risk of tumor

ingrowth [57,58,59]. Covered esophageal stents should also be used in the pallia-

tion of tracheoesophageal and bronchoesophageal fistulae and leaks secondary to

esophageal perforation [60,61]. Uncovered stents are useful in patients with

extrinsic compression, a markedly dilated esophagus or with gastric pull-up.

When the esophagus is very dilated, the use of an uncovered stent allows liquid

or semisolid food to pass through the mesh of the device as it projects into the

esophageal lumen and also reduces the risk of migration.

Figure 9.1 A retrievable Nitinol esophageal stent, Niti-S (Taewoong Medical, Seoul).
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In the upper esophagus, the soft, covered Ultraflex stent or retrievable devices,

which have greater flexibility and a weaker radial force, are preferred, as they are

less likely than stiffer devices to cause pain and are easier to reposition.

Stenting across the gastroesophageal junction can result in severe gastroesopha-

geal reflux. Frequently, such patients are prophylactically prescribed a proton

pump inhibitor such as omeprazole (Losec). An alternative approach involves

the use of a valved stent [50,59], which is designed to prevent reflux. In patients

with significant dysphagia caused by potentially resectable esophageal cancer who

need to gain weight prior to surgery whilst the tumor is being downstaged with

chemotherapy, the placement of retrievable SEMS can be very helpful.

Technique of stent insertion

Esophageal stents can be inserted under fluoroscopic guidance alone, although

many endoscopists prefer to combine endoscopic and fluoroscopic methods. The

radiological technique has been well documented [5,6]. After an esophagogram has

been obtained to delineate the site and length of the stricture (Figure 9.2a), the

patient is placed in the left lateral position on a fluoroscopy table. The pharynx is

anesthetized with lidocaine spray, and a catheter is passed perorally into the

esophagus. The stricture is crossed with standard catheter guide-wire techniques.

The stricture may be predilated to 14 mm, which facilitates introduction of the

delivery system, allows rapid expansion of the stent, and enables more accurate

placement (Figure 9.2b). A stent of appropriate size and length is advanced across

the stricture on its delivery system and is usually deployed in such a way that

slightly more of the stent is above the stricture than below it, to reduce the risk of

distal migration. After stent deployment, contrast medium is injected via a catheter

to confirm patency of the stent and exclude the presence of perforation [5,23].

However, this initial catheter study may miss a perforation in the nondependent

wall of the esophagus. Therefore, a second esophagogram should be carried out

when the patient has recovered from the sedation to exclude a small perforation

and to confirm that the stent has maintained its position (Figure 9.2c).

Success rates

The technical success rate of stent placement under fluoroscopy guidance approxi-

mates 100%. The improvement in swallowing is best indicated by means of the

dysphagia score, which has five grades: grade 0, normal diet; grade 1, some solid
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(c)

(a) (b)

Figure 9.2 Patient with adenocarcinoma requiring

palliative stent insertion: (a) contrast swallow

demonstrating a typical tight esophageal malignant

stricture; (b) 14 mm dilated balloon deployed across

stricture for predilatation; and (c) swallow showing

good flow of contrast through esophagus after stent

insertion.
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food; grade 2, semisolids only; grade 3, liquids only; grade 4, complete dysphagia.

In most patients, the dysphagia score decreases by at least one grade

[5,6,26,28,29,30,31]. Although most patients die during the following 4 months,

their quality of life improves substantially [23].

In the palliation of malignant esophagorespiratory fistulae and perforations,

covered metallic stents have a clinical success rate of 95–100% [60,61].

Complications

The main procedural complications are perforation, aspiration, hemorrhage, and

stent misplacement.

Postprocedural complications include perforation, hemorrhage, stent migra-

tion, pain/sensation of a foreign body, tumor ingrowth/overgrowth, stent occlu-

sion due to a bolus of food, reflux, esophagitis, fistulation, and sepsis.

Procedure-related complications are lower in patients treated with metallic

stents than in those treated with the rigid plastic endoprostheses. Hemorrhage

has been reported in 3–8% but is usually mild and self-limiting

[26,28,29,30,31,35]. In those rare cases of severe hemorrhage, angiography with

embolization of the bleeding vessel with Gelfoam or coils can be undertaken.

Fistulae and perforation attributable to stent insertion are uncommon [36].

Early chest pain occurs in most patients, but prolonged pain occurs in fewer

than 13% of patients [28]. Pain is more severe in patients with high strictures

and when using large-diameter stents [31]. The incidence of migration when using

uncovered stents is less than 3% when the stent is within the esophagus and

increasing to 6% for stents placed across the cardia [7,26]. The migration rate of

early designs of covered stents, especially when positioned across the cardia, was

25–32% [26,28,59], but with newer devices this complication is observed in fewer

than 5% of patients. Partially migrated stents can be stabilized in position by

coaxially inserting another stent, which overlaps the upper half of the migrated

stent. If there is complete migration of the stent, the lesion is treated by insertion of

a new stent. Stents migrating into the stomach can be left in place in asymptomatic

patients. However, if the patient has pain, the stent can be removed via a gastro-

stomy, surgical incision, or endoscopically [62]. Tumor ingrowth occurs in

17–36% [28,30] of uncovered stents but is rarely seen with covered stents

[7,26,43]. Recurrent dysphagia as a result of tumor overgrowth has been reported

in up to 60% of the patients followed up for long enough [63]. Tumor ingrowth or

overgrowth can be treated by coaxial stenting.
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Metallic stent insertion has a very low procedural mortality rate, between 0 and

1.4% [26,28,29,30,31,35]. Stent insertion in patients who have had recent radio-

therapy or in whom radiotherapy is given immediately after the insertion of a stent

is associated with an increased rate of complications, particularly hemorrhage

[38,39,64,65,66,67]. We recommend an interval of at least 4–6 weeks after radio-

therapy and stent insertion.

Conclusions

The available esophageal stents provide palliation in esophageal cancer, but the

most urgent need is for a temporary device that can be used in patients who are

being downstaged prior to surgery [68] without the need to use a removable

stent, which entails an additional procedure for the patient. Biodegradable

devices would meet this need, and some work is being undertaken to develop

such stents.
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Lasers in Esophageal Cancer
Laurence B. Lovat

Introduction

Lasers are sophisticated sources of monochromatic light. In the near-infrared

part of the optical spectrum, laser light penetrates living tissue well and can be

transmitted via thin, flexible fibers through the working channel of endoscopes.

High-power shots of light turn into heat, which vaporizes tissue and coagulates

the underlying layers. This effectively debulks advanced cancers. At much

lower powers, it is possible to coagulate a larger volume of tissue without

vaporization.

Laser can also deliver a photodynamic effect where there is no increase in tissue

temperature, but the light activates a previously administered photosensitizing

drug. This causes the release of highly reactive singlet oxygen, which causes cell

death by necrosis and apoptosis over a prolonged period. This can be used to

completely eradicate small tumors (Table 10.1).

Palliation of advanced cancers

Most patients with cancer of the esophagus or gastric cardia present with locally

advanced disease and therefore are unsuitable for surgery. One of the main aims of

treatment is to relieve dysphagia as simply and rapidly as possible [1]. The most

widely used endoscopic approach is tumor dilatation and insertion of an expand-

ing metal stent although many oncologists do not advocate endoscopic therapy at

all, relying on radiotherapy or chemotherapy to improve dysphagia. It is clear that

oncological therapy alone is more suitable only for mild dysphagia, but for patients

who are only able to tolerate liquids, an endoscopic therapy is better [2]. Stents are,

however, far from ideal, with only 70% of patients being able to eat reasonably
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normally. Up to 40% require further intervention, and intractable pain occurs in

10% of patients after stent insertion [3,4].

Laser therapy has been shown to improve dysphagia to a similar degree as

stents, and it does not cause pain. During endoscopy, high-power, thermal lasers

can be used to vaporize nodules of exophytic tumor under direct vision. Underlying

tumor is also coagulated. This relieves obstruction and reduces blood loss

(Figure 10.1). The incidence of complications is low, although it often takes several

treatments to achieve optimum recanalization. There is minimal risk to operators

with video scopes, although filters are required to protect the chips in the camera.

Complications are rare [5], but the disadvantage is that laser therapy alone has to

be repeated on average every 5 weeks. The addition of a palliative dose of external

beam radiotherapy can increase this to 9 weeks [6], and a single fraction of

brachytherapy (intraluminal radiotherapy) will bring relief of dysphagia for a med-

ian of 5 months [7]. Recent data have also shown that brachytherapy as a mono-

therapy brings more long-term benefits than stenting [8], although initial relief of

dysphagia is slow. Our own experience suggests that initial laser followed by bra-

chytherapy gives both immediate relief from dysphagia and long-term benefits [7].

The relative merits of lasers and stents are summarized in Table 10.2. Common

sense dictates that the two approaches are complementary rather than competitive.

An eccentric, exophytic tumor is best debulked with the laser, whereas a circum-

ferential tumor with little exophytic component is best stented. A fistula must be

stented, whereas high cervical tumors can seldom be stented. What little data there

are on comparative costs suggest that the lifetime treatment costs are similar for

each of these approaches [9].

Table 10.1 Laser effects used in gastroenterology

Laser effect Clinical use

High-power thermal Hemostasis

Cutting or debulking of tissue by vaporization and

coagulation

Low-power thermal (interstitial laser

photocoagulation [ILP])

Gentle coagulation of lesions within solid organs

Photochemical (photodynamic

therapy [PDT])

Nonthermal destruction of tissue by activation of a

previously administered photosensitizing drug

Pulsed shock wave Fragmentation of gall stones
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A future direction may be the combination of laser palliation of dysphagia with

radical chemoradiotherapy for inoperable patients. Many patients with advanced

disease present with severe malnutrition caused by their dysphagia. Radical treat-

ment is not possible in a cachectic patient, but if dysphagia is overcome, patients

regain weight and are able to tolerate intensive therapy. Long-term data are lacking,

but early results suggest that this approach can lead to prolonged survival in at least

some patients who have previously been thought to be terminally ill [10].

Photodynamic therapy

Photodynamic therapy (PDT) is an attractive option for treating small tumors of

the gastrointestinal tract in patients who are unsuitable for surgery. Whilst causing

localized tissue necrosis, it does not affect collagen, so the risk of perforation of the

(a) (b)

(c)

Figure 10.1 Advanced, obstructing carcinoma of

the esophagus: (a) at presentation; (b) during laser

therapy; and (c) after two endoscopic laser

treatments. The esophageal lumen has been

reopened and the patient’s dysphagia has been

relieved.
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wall of the gastrointestinal tract is very low [11,12]. In 123 patients with early

esophageal cancers treated with PDT using the photosensitizer porfimer sodium

(Photofrin), a complete local response was seen in 87% at 6 months [13]. The

disease-specific survival at 5 years was 75%. We have similar experience using the

newer drug Foscan [14]. PDT can be applied at any endoscopically accessible site,

but it cannot treat any lesion that has spread beyond the site of origin as, for

example, to local lymph nodes. PDT has side effects including esophageal strictur-

ing as well as photosensitivity that may be prolonged; however, newer drugs may

overcome this problem.

PDT has been proposed for the palliation of advanced malignant dysphagia.

Although it does provide some relief in this situation, there are very few cases that

can be helped by PDT if thermal laser therapy or stent insertion fail, and it is

certainly not desirable to make patients photosensitive for much of their remaining

life [5,15]. In general terms, it seems more logical to limit the use of PDT to early

esophageal cancers.

Table 10.2 Comparison of modalities for palliation of malignant dysphagia

Laser Self-expanding metal stent

Technique Basically safe (risk of perforation if

dilatation also needed)

Usually safe and easy to insert

Cost High setup cost High cost

Low patient costs

Contraindications Fistula High lesion

No endoscopic target Tracheal compression

Care with lesions crossing

cardia

Dysphagia after

therapy

Variable, can be close to normal Variable, can be close to normal

Repeat therapy Possible. Usually required after

4–6 weeks

Difficult to adjust once

inserted. Second stent or

laser debulking for tumor

overgrowth

Enhancement of

dysphagia relief

with radiotherapy

Yes No
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Conclusions

Thermal laser is an established tool for endoscopic palliation of advanced gastro-

intestinal tract cancers. It has a complementary role to stents and is likely to bring

benefit to patients as part of multimodality treatment together with radiotherapy.

PDT is an alternative laser therapy but probably has limited use in palliating

advanced cancer.
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