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Preface

Cancer is the second most common cause of death in
Americans(seewww.cdc.gov). Colorectal cancer killsmore
Americansthanany other malignancy except for lung cancer.
The incidences and mortalities of the major gastrointestinal
(GI) malignanciesareshowninTablel. Takenasagroup, the
fivemost common Gl malignanciesaccount for morecancers
and more cancer deaths than for any other site.

Flexibleendoscopy hasgiven physiciansunprecedented
accessto the Gl tract. The ability to endoscopically visu-
alize, biopsy, and apply therapy hashad implicationsfor the
management of all the major GI malignancies. Accepted
applications of endoscopy range from detection of malig-
nant and premalignant lesions(e.g., colonoscopy for colon
cancer screening), prevention of cancersthrough removal
of precursor lesions (e.g., polypectomy), surveillance of
premalignant conditions (e.g., Barrett’ s esophagus), pal-
liation of symptoms(e.g., placement of stentsfor biliary or
esophageal obstruction) or staging of cancerstoallow stage
directed therapy (e.g., endoscopic ultrasound), and, in
selected circumstances, definitive therapy for early stage
neoplasms(e.g., endoscopic mucosal resection). Thispar-
tial list of applications demonstrates the central role that
endoscopy plays in management for those at risk for or
with a GI malignancy. The wide variety of endoscopic
techniques applied suggests anew subspecialty of endos-
copy: “endoscopic oncology.” Thisissimilar to “surgical
oncology,” as it concerns itself with the subset of endo-
scopic procedures directly applied for the management of
neoplastic and precancerous conditions.

It becomes apparent that a substantial proportion of
endoscopiesareperformed for acancer-rel ated indication.
To determine what proportion of endoscopic procedures
are done out of a concern for cancer or a premalignant
condition, alarge national database of endoscopic reports
(Clinical Outcomes Research Initiative [ CORI]) was que-
ried. Indicationsrelated to cancer weredefined by conven-
ing an expert panel (Table 2).* Wethen queried the CORI
database to determine the proportion of endoscopiesdone
for these indications. The CORI database encompassed
105 practice sites in 28 states and had data on 245,971
patients.

The results demonstrated that the majority of endo-
scopic procedures (63.5%) in these practices were per-
formed owing to aprimary concern for cancer (Fig. 1). In
fact, only for EGD werethemajority not donefor acancer-
relatedindication (32.7%). Thegreat majority of colonoscopy
(84.4%), ERCP(59.9%), and EUS (98.7%) proceduresare

Table 1

Incidence and Mortality of the Five Most Common
Gastrointestinal Malignancies

Ste Incidence® Mortality?
Colorectum 53.9 21.6
Pancreas 111 10.6
Stomach 9.1 4.9
Liver/intrahepatic bile ducts 6.2 4.4
Esophagus 45 4.3

Data from SEER database 1992—2002 (www.Seer.cancer.gov).
®Per 100,000.

Table 2

Cancer-Related Indications for Endoscopic Procedures

EGD Dysphagia, Barrett’s, anemia, f/u gastric
ulcer, familial polyposis, abnormal X-ray

Heme+, CRC screen/surveillance,
ulcerative colitis screening, polyp on flex
sig, family history, hematochezia, f/u
polyp abnormal X-ray

Jaundice, biliary obstruction, stricture,
pancrestic duct obstruction, stent placement,
abnormal X-ray

Cancer staging, fine needle aspiration, sub-
mucosal tumor, stricture, pancreatic mass/
cyst, lymphadenopathy, abnormal X-ray

Colonoscopy

ERCP

EUS

done for cancer-related indications. For colonoscopy, the
major cancer-related indications are surveillance of patients
with prior polyps (21.3% of cancer-related indications),
evaluation of hematochezia (26.2%), follow-up of aposi-
tive hemoccult test (15.6%), or surveillance in a patient
with a family history of colorectal cancer (17.8%). For
EGD, dysphagia was the most common cancer-related
indication (62.4%) followed by anemia (23%) and
Barrett’ sscreening/surveillance (12.2%). For ERCP, 98%
of the cancer-related indications are related to bile duct
obstruction. For EUS, the primary indications related to
cancer are FNA of a mass (26%), stage a known cancer
(23%), or evaluate a pancreas lesion (23%).

*Faigel DO, Lieberman DA, Falk GW, et al. Endoscopic
oncology: cancr asan indication for gastrointestinal endoscopy in
the United States. Gastrointest Endosc 2002; 55(5):AB164.
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Fig. 1. Proportion of endoscopic procedures done for cancer-related indications. (Data from the CORI database.)

With nearly two-thirds of all endoscopic procedures
being done out of aprimary concernfor cancer, itisappar-
ent that all of us who do endoscopy are endoscopic
oncologists!

This textbook examines the interface between endos-
copy and oncology. It is organized anatomically: esopha-
gus, stomach, colorectum, and pancreaticobiliary. For each
site, the relevant cancers and premalignant conditions are
addressed and the use of endoscopy in their diagnosis,

management, and treatment discussed in detail. Addition-
aly, the reader will find chapters summarizing the state-
of-the-art for nonendoscopic medical and surgical cancer
treatment.

This book was written with the practicing endoscopist in
mind. However, given the multidisciplinary approach of
modern cancer care, thisbook will be of interest to all health
careprofessional swhotakecareof cancer patients, including
medical oncologists, radiation oncologists, and surgeons.

Douglas O. Faigel, mp, FACG
Michael L. Kochman, mb, Facp
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] Barrett’s Esophagus

Screening, Diagnosis, and Management

GLENN M. EISEN, MD, MPH
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1. INTRODUCTION

Barrett's esophagus (BE) or columnar lined esophagus,
is an acquired condition associated with chronic gastro-
esophageal reflux disease (GERD). BE is strongly associated
with GERD. Numerous endoscopic studies have demonstrated
high rates of BE in patients with chronic GERD (1-3). It isa
condition in which the normal stratified squamous epithelium
of the tubular esophagusis replaced by a metaplastic columnar
epithelium. The overriding concern for patients with BE is its
malignant potential. BE is accepted as the precursor in most
cases of esophageal adenocarcinoma. This malignancy has
been linked to chronic GERD and obesity as has BE (4,5).
Three case—control studies have demonstrated a strong associ-
ation between adenocarcinoma of the esophagus and GERD
(4-7). The incidence of this malignancy has been rising at a
rate of 5-10% for the past three decades in western Europe
and the United States, faster than any nondermatological
malignancy (8). The Surveillance, Epidemiology, and End
Results registry noted more than a 100% increase in the inci-
dence of thistumor between 1976 and 1987 (9). The increasing
incidence of esophageal adenocarcinoma appears to be contin-
uing (10). Before the 1970s, esophageal adenocarcinoma
accounted for less than 5% of esophageal malignancies. The
increased incidence of this lesion is unlikely to be explained
by alterations in the use of diagnostic testing (i.e., endoscopy)
because this tumor has been found to have a significant male
predilection. Also, misclassifying distal esophageal adeno-
carcinomas as gastric cardiac adenocarcinomas is unlikely to
account for this trend because cardia malignancies are increas-
ing in incidence as well. Epidemiological studies have consis-
tently shown esophageal adenocarcinoma to be most common
in males (7:1 ratio to females) and whites(11,12).

From: Endoscopic Oncology: Gastrointestinal Endoscopy and Cancer

Management. Edited by: D. O. Faigel and M. L. Kochman © Humana
Press, Totowa, NJ

The prognosis is poor once symptomatic cancer develops,
the 5-yr relative survival rate being less than 7%. This dismal
prognosis has prompted efforts at endoscopic screening and
surveillance, in order to identify earlier staged cancers and
dysplastic lesions. There is some preliminary data that sug-
gests that esophageal adenocarcinoma detected by endoscopic
surveillance is detected at an earlier stage than when individu-
als present with dysphagia (13). However, there are currently
no randomized clinical trials formally assessing the utility of
screening for or surveillance of BE.

2. PATHOGENESIS

2.1. GERD AND BE

It is currently accepted that BE develops as a complication
of chronic GERD. The evidence that mucosal injury to the
esophagus as aresult of GERD can cause BE and |ead to adeno-
carcinoma of the esophagusis compelling (14,15). The estimated
prevalence of reflux in the general population is between 25
and 35% (at |east one episode per week). Approximately 10-15%
of the population experience reflux daily. Overall, it has been
estimated that more than 60 million American adults experience
reflux symptoms on aregular basis. BE has been identified in
10-20% of individuals undergoing upper endoscopy for reflux
symptoms and in 0.4% at autopsy (16). Recent studies have
demonstrated a direct correlation between the rates of
endoscopy and the discovery of BE (17). The incidence of
clinically diagnosed BE (>3 cm) increased 28-fold between
19651969 and 1995-1997 in the Olmstead County catchment
area, suggesting that the more we look for BE, the more we
find. Utilizing these estimates of prevalence, BE may be pres-
ent in amost 700,000 adults in the United States. It thus
appears that GERD is quite common, as it is the development
of BE. The concern is that those individuals with BE are at
greater risk of developing esophageal adenocarcinoma than
the general population.
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A recent prospective assessment of asymptomatic male vet-
erans older than 50 yr determined that 25% had BE (18). This
finding suggests that many individuals without GERD, or at
least subclinical GERD may till develop BE. Lagergren et al.
(4) also found that in their case—control study of GERD and
esophageal adenocarcinoma, 40% of those with this malig-
nancy did not note antecedent GERD. These study results are
disconcerting, because screening is currently focused on symp-
tomatic individuals only, and to screen entire populations
would be untenable. There appears to be limited familia clus-
tering of BE, accounting for perhaps 10% of all cases (19,20).
Nongenetic factors appear to predominate, although satisfac-
tory answers regarding why white males remain the highest
risk group remain unknown. Neither tobacco use nor alcohol
ingestion are strong risk factors, unlike in the case of squa-
mous cell carcinoma of the esophagus.

2.2. RISK OF ESOPHAGEAL ADENOCARCINOMA

The presence of BE is associated with arisk of developing
esophageal adenocarcinoma that is 30—125 times that of the
general population (21). However, this relative risk does not
correspond with a high absolute risk. The incidence of colo-
rectal cancer remains approx 20-fold higher than the incidence
of esophageal adenocarcinoma in the United States (22).

Individuals with BE develop adenocarcinoma at a rate of
0.8-1.3% per year, based on small retrospective and prospective
cohorts (23). The natural history of BE progression to cancer
is limited to a handful of prospective endoscopic studies
comprising 285 patients followed from 1 to 5 yr. Of the 150
patients without dysplasia at study onset, 5 developed cancer
over an interval of 3.4-10 yr. There has been significant variation
in the reported incidence of BE as well as its progression to
esophageal adenocarcinoma. However, the absolute risk may
be somewhat overstated owing to publication bias inherent for
small cohorts (24). The overal risk appears to be approx 1 per
100 patient-years. It appears that the overall cancer risk is
somewhat small, and the majority of patients will not develop
esophageal adenocarcinoma. Nevertheless, current guidelines
suggest both screening for those at risk and surveillance once
BE is detected.

3. DIAGNOSIS AND SURVEILLANCE

3.1. DIAGNOSING BE

BE can be detected on upper endoscopy but must be verified
by histological assessment. On endoscopic examination the dis-
tal esophageal mucosa appears velvety reddish and extends
cephalad from the gastroesophageal junction (GEJ). This
mucosa can extend circumferentialy or in the form of “tongues’
of mucosa. Segments of BE have been somewhat arbitrarily
separated into short and long segments, with a long segment
considered 3 cm in length or greater (25). Incomplete intestinal
metaplasia (IM) of the tubular esophagus is the histological
hallmark of BE. Special stains (e.g., Alcian blue) are frequently
employed to identify goblet cells indicating IM, which is
termed “incomplete” because the clomnuar cellslack a brush
border. The endoscopist and pathol ogist must ascertain that the
biopsies do not originate from the proximal stomach (26). Prior
studies have found frequent IM at the GEJ, but its significance

Fig. 1. Capsule endoscopy image of the distal esophagus demonstrating
tongues of salmon-colored columnar epithelium consistent with BE.

remains unclear and practice guidelines do not recommend rou-
tine biopsies of thisarea (27). Other types of mucosa have been
considered Barrett's epithelium in the past include cardiac and
fundic type epithelia. However, these cell types do not appear
to have the same malignant potential as intestinal metaplastic
tissue and should no longer be considered Barrett’'s (28).

Other diagnostic modalities such as thin caliber endoscopy
and capsul e endoscopy have been recently utilized to diagnose
BE, but biopsy is not aways possible, potentially limiting their
utility (29,30) (Fig. 1). Barium upper gastrointestinal series
should not be utilized for Barrett’s screening because of its
lack of sensitivity to detect columnar-lined epithelium. Non-
endoscopic balloon cytology to retrieve dysplastic or nondys-
plastic Barrett's epithelium has proved disappointing in research
trials and should not be employed in clinical practice (31).

Although not generally validated, standard endoscopic
biopsy technique usually involves four quadrant biopsy of
the visible Barrett segment at 2-cm intervals, with focused
biopsying of any ulceration or raised lesion within the segment.
Utilization of jumbo biopsy forceps has been suggested to
improve diagnostic yield, but a recent study suggested this
technique was just as fallible as standard biopsy forceps in
detecting unsuspected malignancy in patients harboring
high-grade dysplasia (HGD) (32). A Seattle group has advocated
using jumbo biopsy forceps for Q1 cm biopsies as aresearch
technique, but this has not been generally utilized in clinical
practice (33).

Other novel endoscopic techniques have been utilized in
research settingsin the hope of identifying abnormalities within a
Barrett’'s segment rather than relying on the “needle in the
haystack” method of random biopsies. Chromoendoscopy using
methylene blue has been shown to detect 95% of IM (34).
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M agnification endoscopy in addition to methylene blue instal-
lation maybe useful in identifying HGD and early cancer in
the absence of visible lesions within a Barrett’'s segment (35).
Sharma et al. (36) performed chromoendoscopy with indigo
carmine staining combined with magnification endoscopy in
patients with BE and found the ridge/villous pattern had a
92% positive predictive value for IM. Other techniques have
been attempted for detecting either IM and/or dysplasia
including fluorescence spectroscopy and optical coherence
tomography (see Chapter 3). The elusive goal remains to
develop a sensitive, noninvasive modality to identify those at
high risk for malignancy. Thus far clinical practice has not
adopted any of these investigational techniques—continuing
to rely on random four-quadrant biopsies of visualized columnar-
lined epithelium.

There has been intense interest in developing markers of
progression to malignancy in patients with BE. Risk stratifica
tion by histology, immunohistochemistry, and molecular
pathology has been evaluated. Despite all this research effort,
the only currently clinically accepted and utilized marker is
dysplasia. This remains a purely morphological term. Riddell
et al. (37) defined dysplasia as “an unequivocal neoplastic
epithelium confined within the glandular basement membrane”
The degree of dysplasiais determined based on the degrees of
morphological abnormality. Unfortunately, there remains sig-
nificant interpathologist interpretation variability with k-scores
ranging from 0.43 to 0.66 (38,39). Therefore, a second opinion
is warranted, especially in cases in which clinical decision
making will be affected.

3.2. SCREENING/SURVEILLANCE OF BE

It appears that most cases of esophageal adenocarcinoma
develop through a sequence of cellular changes leading to pro-
gressive dysplasia and ultimately carcinoma. This process
affords endoscopists the opportunity to detect dysplasia and
intervene before the development of malignancy. Current rec-
ommendations suggest biannual endoscopic surveillance
examinations for individuals with BE. A healthy 30 yr old
might be expected to undergo 25 endoscopies over the course
of hig/her lifetime. Multiply these frequent endoscopies by the
estimated 1-2% in the United States with BE and this leads to
a significant health expenditure, not to mention the complica-
tion risks and loss of work time. Furthermore, this practice,
although widely endorsed and utilized, has not been clearly
linked to improved patient outcomes.

Updated guidelines for the diagnosis and surveillance of
BE were published by the American College of Gastro-
enterology (ACG) in 2002 (40). Recommendations from two
other gastroenterology societies were given during preparation
of this document and “incorporated into the final document
whenever possible” The recommendation for endoscopic
screening states: “patients with chronic GERD symptoms are
those most likely to have BE and should undergo upper
endoscopy.” This guideline remains quite vague, but in genera
individuals 50 and over with GERD symptoms for 5 or more
years should be considered for screening. However, the pub-
lished clinical guideline permits wide variation in screening
practices. A recent AGA consensus conference concluded that

Table 1
Surveillance for Barrett’s Esophagus (40)

Follow-up
Dysplasia Documentation endoscopy
None Two EGDs with biopsy 3yr
Low grade Highest grade on repeat 1 yr until

no dysplasia
Highgrade  Repeat EGD with biopsy Focal every 3 mo
Expert pathologist Multifocal intervention
confirmation Mucosal irregularity

EMR

EGD, esophagogastrodudonoscopy; EMR, endoscopic mucosal resection.

there was insufficient evidence to support screening for BE in
adults over the age of 50, regardless of the duration of reflux
symptoms (41).

Endoscopic surveillance is recommended in patients with
documented BE. These patients are recommended to have two
examinations with biopsy. If there is no dysplasia on two con-
secutive endoscopies with biopsy, then a 3-yr interval from
thereon is considered appropriate (23) (see Table 1). There have
been several decision models developed concerning Barrett's
screening and surveillance practices. One of the first models
only evaluated endoscopic surveillance and determined that
endoscopic surveillance every 2-3 yr appears most cost-
effective (42). The ACG practice parameters committee has
concurred with this determination, but has cited the significant
limitations of present data.

Despite the increasing incidence of esophageal adenocarci-
nomain the United States and western Europe, the overall can-
cer rates are still small as demonstrated earlier. Inadomi et .,
employing a Markov model and literature-based estimates,
found that screening followed by surveillance in BE patients
with dysplasia appears economically acceptable with an incre-
mental cost-effectiveness ratio (ICER) of $10,440 compared
with no screening. However, surveillance in patients without
dysplasia appears prohibitively expensive with | CERs between
$381,543 and $596,184, depending on an interval of between
g2 and 5 yr (43). These authors questioned the utility of sur-
veillance in patients not demonstrated to have dysplasia.

There are currently no large-scale, multicenter studies eval-
uating the natural history of BE, severely limiting our ability to
make evidence-based decisions on diagnosis, surveillance, and
risk stratification. Further, all available research has come from
tertiary endoscopy centers potentially biasing the findings.

Once patients with BE develop dysplasia, the risk of can-
cer increases dramatically. Patients with HGD (who do not
have cancer at baseline) have a high risk of progression to
cancer of 14-59% during follow-up of 37 yr (44-46). The
natural history of low-grade or indefinite dysplasiais less
certain, with reported rates of progression of neoplasia from
7 to 28% (47). Sampliner analyzed data from five centers
that have performed prospective studies from 2.7 to 7.3 yr,
finding that 7% of patients with low-grade dysplasia and
2% of patients with no dysplasia developed cancer during
follow-up (23).
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4. MANAGEMENT OF BE

Theoretically, eliminating the Barrett’s epithelium could
decrease or eliminate the cancer risk. In addition, the burden for
endoscopic surveillance might also diminish. Unfortunately,
despite several trials, neither medical (profound acid inhibition)
or surgical (fundoplication) therapies appear to achieve com-
plete regression of BE and elimination of its cancer risk (48-50).

Patients diagnosed with advanced dysplasiain a BE segment
are advised to undergo more frequent surveillance or esophage-
ctomy, owing to the significant cancer risk. Between 5 and 60%
of patients with HGD enrolled in surveillance will develop
cancer over 1-7 yr (51,52). Prophylactic esophagectomy has
been recommended by many experts for patients with known
HGD, because 30 and 40% may already harbor malignancy
(53,54). However, esophagectomy is associated with significant
morbidity (20-47%) and mortality (average 4%) even at expei-
enced centers(55,56). The results may be more disappointing at
other sites, although dataislacking.

Also, some patients with HGD may not be surgical candi-
dates owing to significant comorbidity. It has been estimated
that the mean age at diagnosis of Barrett’s associated adeno-
carcinomais 64 yr old (57). An ideal therapy would be able to
eliminate the premalignant epithelium and remove the need
for further endoscopic evaluation. Furthermore, this interven-
tion could be targeted for individuals with BE at high risk for
developing cancer.

Recently, it has been shown that if the metaplastic epithe-
lium is endoscopically ablated and subsequently healed in
an anacid environment, the neoepithelium may become nor-
mal sguamous mucosa (58). Following this seminal report,
there have been numerous small, uncontrolled trials evaluat-
ing various ablative methods to eliminate early esophageal
adenocarcinoma, dysplastic tissue, and even nondysplastic
BE. There has been considerable enthusiasm for these tech-
niques despite the lack of prospective randomized controlled
trials to establish their efficacy.

5. CONCLUSIONS

BE is an accepted malignant precursor for esophageal
adenocarcinoma. This tumor’s incidence has continued to rise
at arapid rate over the past 30 yr. Current practice guidelines
recommend screening individuals with chronic GERD symp-
toms for the presence of BE. These guidelines are somewhat
vague and millions of patients fit these criteria for screening.
Despite minimal evidence that screening or surveillance is
effective, these are the current practice standards.

The number of new cases of cancer of the esophagus in
2003 was 14,250 (59). If we assume that approximately one-half
of these cases are adenocarcinoma, there are about 7000 new
cases of adenocarcinoma per year. Three recent studies (two
population-based studies and a systematic review of the litera-
ture) found that less than 7% of patients with adenocarcinoma
had known BE prior to the cancer diagnosis (60,61).
Surveillance cannot work if the vast majority of patients who
ultimately develop cancer are not enrolled in surveillance pro-
grams. Despite this, it continues to be endorsed.

Currently, conventional upper endoscopy is recommended
as a screening tool, but potentially other modalities, such as
small caliber endoscopes and capsule endoscopy, may provide
a more cost-effective mechanism for screening. Once BE is
diagnosed, by the presence of 1M, then surveillance intervals
are based on whether dysplasia is present. Medical manage-
ment includes antisecretory therapy primarily for GERD
symptom relief. There are no studies demonstrating that PPl or
H2RA therapy eliminates Barrett’s metaplasia or cancer risk.
This holdstrue for surgical fundoplication as well. Endoscopic
ablation of BE should be reserved for patients with dysplastic
epithelium (see Chapter 5).

There remain significant information gaps that could aid
in our management of patients with BE. Discerning truly
high-risk groups for esophageal adenocarcinoma could lead
to targeted screening and surveillance. Further work on val-
idating molecular markers for BE progression is necessary
as well, given the interobserver variability of dysplasia
assessment and its moderate concordance with subsequent
neoplasia.
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1. INTRODUCTION

Although the relative incidence of esophageal squamous
cell carcinoma (SCC) has been declining steadily in the United
States and Europe compared to that of adenocarcinoma (1,2);
esophageal SCC continues to be the more common form of
esophageal malignancy worldwide (3). There are approx 6000
new cases of esophageal SCC diagnosed in the United States
annually (4). The global incidence and gender ratio vary
widely according to geographic region, likely reflecting envi-
ronmental and dietary factors more than genetic predisposi-
tion. Several risk factors for esophageal SCC have been
identified, making screening a potential option for specific
populations. This chapter outlines conditions or behaviors that
are strongly associated with this malignancy, describes methods
for improving the endoscopic detection of early squamous cell
dysplasia, and suggests specific instances in which screening
for esophageal SCC may be appropriate.

2. RATIONALE FOR SCREENING

In general, screening for a disease should be undertaken
when early detection will result in improved patient survival
or quality of life. Typically, the number of people deriving
benefit from screening for a malignancy is small, whereas the
majority of those screened face potential morbidity, both
physical and psychological, from screening procedures (5). Itis
for this reason that screening is often reserved for specific
high-risk populations. For instance, current guidelines recom-
mend screening endoscopy for Barrett’'s esophagus among
patients with chronic gastroesophageal reflux disease, and for

From: Endoscopic Oncology: Gastrointestinal Endoscopy and Cancer
Management. Edited by: D. O. Faigel and M. L. Kochman © Humana
Press, Totowa, NJ

surveillance endoscopy for dysplasia among those with known
Barrett’s esophagus (6,7), even though the annual incidence of
esophageal adenocarcinoma among those with Barrett's esoph-
agus is approx 0.4-0.5% (8-12). Screening for esophageal
SCC, however, has not been widely advocated despite the high
mortality associated with this malignancy (13). Long-term sur-
vival correlates directly with stage at diagnosis (14), suggesting
that detection of very early cases should improve outcomes.
The infrequency of esophageal SCC makes population-based
screening inappropriate. Nonetheless, certain individuals with
an increased risk for SCC of the esophagus exist (Table 1), and
an understanding of their risk may help guide clinicians and
patients in making decisions about screening and surveillance.

3. HIGH-RISK ASSOCIATIONS

3.1. RACE, GENDER, AND GEOGRAPHIC
ASSOCIATIONS

Based on datain the National Cancer Institute’'s Surveillance,
Epidemiology, and End Results (SEER) cancer registry, black
men in the United States have a nearly fivefold greater annual
risk for developing esophageal SCC than non-Hispanic white
men (15). Black women have a twofold greater risk compared
with non-Hispanic white men, and a nearly fourfold greater risk
compared with women of all other races and ethnicities (15).
Asian men are also at increased risk, having twice the incidence
as non-Hispanic white men. Particular regions of the world have
also been identified in which the incidence of esophageal SCC
is extremely high, approaching 1 case per 1000 adults (16).
These locations include eastern Turkey, northern Iran and
Afghanistan, southern regions of the former Soviet Union includ-
ing Turkmenistan and Uzbekistan, northern China and India,
regions of Brazil, Argentina, and Uruguay, and the Transkei
region of Cape Province and Kenya (3,16). These demographic
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Table 1
Conditions or Exposures Strongly Associated
With Esophageal SCC

Relative risk for

Condition or exposure esophageal SCC
Chronic acohol use +++
Chronic tobacco use ++
Poverty +
Current or prior cancer of the ++++
upper aerodigestive tract
Caustic esophagea stricture +++
Tylosis (type A) +++++
Achaasia +

and geographic associations are most likely explained by envi-
ronmental exposures, such as tobacco, acohol, and particular
dietary factors (discussed later), although differences in sus-
ceptibility to exposures may still account for some of these
observations (17).

3.2. CHRONIC TOBACCO AND ALCOHOL USE

As many as 80-90% of cases of esophageal SCC can be
attributed to tobacco and alcohol use (14,16). The risk associ-
ated with cigarette smoking increases directly with increasing
pack-years of exposure, with those smoking more than 54
pack-years having a relative risk that is sixfold higher than
nonsmokers (18). Former smokers continue to have an
increased risk, although this begins to improve in the second
decade after cessation. It is postulated that several components
of tobacco products, such as nitrosamines, aromatic amines,
aldehydes, and phenols have direct carcinogenic effects (3).
These may be ingested as tobacco condensates, and thereby
come into direct contact with esophageal mucosa (19). Alcohol
consumption also demonstrates a dose-dependent increase in
risk, with those consuming more than 30 drinks per week hav-
ing a greater than sevenfold increased risk over nondrinkers
(18). Liquor and beer are likely associated with a greater risk
than wine, although overall quantity of alcohol consumed may
be more important than the specific form (20). The combined,
chronic use of large amounts of alcohol and tobacco appears
to confer the greatest risk for esophageal SCC, and likely iden-
tifies one of the largest at-risk populationsin the United States.

3.3. PREVIOUS SCC OF THE UPPER
AERODIGESTIVE TRACT

Esophageal SCC is often associated with synchronous or
metachronous SCC of the head and neck. The reported inci-
dence of an esophageal SCC associated with a current or prior
cancer of the upper aerodigestive tract ranges from 3.7 to 30%
(16,21). This variation in rates is likely explained by differ-
ences in populations studied and their differing duration of fol-
low-up. A synchronous esophageal SCC has also been found in
up to 31% of resected esophageal specimens, many of which
were confined to the mucosa or submucosa (22,23). In one
prospective study, 14% of patients undergoing endoscopic
mucosal resection for early stage (mucosal or submucosal
involvement) esophageal SCC were found to devel op metachro-
nous esophageal SCC between 14 and 58 mo post-treatment
(24). In addition, among patients with esophageal SCC,

surveillance pharyngolaryngoscopy can frequently detect
metachronous head and neck cancers (25). These findings have
lent support to the “field effect” theory, suggesting that the
entire squamous epithelium of the upper aerodigestive tract in
susceptible individuals is at high risk of malignancy after pro-
longed exposure to some damaging agent. However, in another
prospective study investigators systematically screened 331
men with any current or prior nonesophageal cancer, not neces-
sarily upper aerodigestive tract SCC, and found 2.7% harbored
esophageal SCC (26). Even after excluding 51 patients with
head and neck cancer, the prevalence of esophageal SCC in that
study was still 2.1%, a number higher than expected. This sug-
gests that individuals who have experienced any form of cancer
may be at increased risk for esophageal SCC.

3.4. DIETARY FACTORS AND POOR
SOCIOECONOMIC STATUS

The consumption of salt-pickled or cured foods, sun-dried
foods, moldy foods, and smoked fish have all been associated
with esophageal SCC (16). It is postulated that these foods expose
the esophageal mucosa to high levels of carcinogenic N-nitroso
compounds or fungal toxins. In addition, diets deficient in fruits,
vegetables, zinc, vitamins A, C, E, niacin, and riboflavin, and
other micronutrients have also been associated with an increased
risk of esophagea SCC (16). Iron deficiency may be associated
with esophageal SCC in connection with the Plummer-Vinson
syndrome, acombination of iron deficiency anemiaand acervical
esophaged web (16,27). Unfortunately, the relative risks associ-
ated with specific nutrient exposures or deficiencies have not been
well established and dietary questionnaires would likely be
impractical for identifying individuasfor screening endoscopy. A
more useful distinction arises from a condition closdly associated
with poor nutritional status, namely low socioeconomic status.
Poverty has been strongly linked with esophageal SCC (18,28),
and may represent amore meaningful way to risk-stratify individ-
uals when considering specific populations for screening.

Another interesting dietary factor that has been associated
with esophageal SCC isthe frequent consumption of extremely
hot beverages, a practice common in regions of Central and
South America, China, Iran, and India (16). One such beverage,
mate, is an infusion of the herb llex paraguayensis that is often
consumed at extremely hot temperatures. This drink, popular in
parts of Argentina, Uruguay, Paraguay, and Brazil, results in
thermal esophagitis (29), and it is only those who drink hot
mate (as opposed to warm mate), that appear to have increased
cancer risk (30). It istherefore the thermal injury from this prac-
tice that has been postulated to result in dysplastic changes of
the esophagus. In fact, consumption of extremely hot tea and
coffee have also been linked to esophageal SCC (31).

3.5. CAUSTIC INGESTION

The risk for developing esophageal cancer in the setting of
an esophageal stricture following caustic ingestion isincreased
1000-fold compared with the general population (7). The
reported interval between ingestion of acaustic substance (e.g.,
lye) and the subsequent devel opment of cancer ranges from 14
to 47 yr, and the tumor typically develops within the stricture
itself. The mechanism of increased risk is unknown, but may
relate to chronic inflammation within the stricture.
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3.6. ACHALASIA

Achalasiais acondition of unknown etiology in which there
is loss of neurons within the esophageal wall and lower
esophageal sphincter. It is clinically manifested by dysphagia
to both solid food and liquids, with eventual dilation of the
esophagus and chronic stasis of ingested foods. It is this stasis
and subsequent inflammation that is postulated to impart an
increased risk of esophageal cancer to those with achalasia.
This risk has been estimated to be 7- to 33-fold greater than
normal, and includesrisks for adenocarcinomaand, more com-
monly, SCC (16). One prospective, hospital-based study fol-
lowed 195 patients with achalasia with periodic endoscopy for
atotal follow-up of 874 person-years (32). During that time
three patients devel oped esophageal SCC amean of 5.4 yr after
their diagnosis of achalasia. This cancer incidence of 3.4 per
1000 patients per year was significantly higher than that
expected in the general population. Two of the three patients
demonstrated long-term survival after treatment for their can-
cer. The only prospective, population-based study to address
thisissue included 1062 patients with a combined total of 9864
yr of follow-up (33). These patients, however, were not neces-
sarily enrolled in a cancer surveillance program. Excluding
cases likely present at study entry, the incidence of cancer was
20-fold greater among men and eightfold greater among
women with achalasia compared with the general population.
Of the 24 cases of cancer reported in that study, 14 were SCC,
6 were adenocarcinoma, and 4 were undifferentiated. Previous
reports had suggested that cancer risk rises 15-20 yr after
symptoms of achalasia first develop (16). However, in the
prospective, population-based study the risks were similar for
each time frame after initial diagnosis examined (14, 5-9,
and 1024 yr) (33). This suggests that surveillance, if advo-
cated, should begin immediately after diagnosis. The fre-
guency and cost-effectiveness of endoscopic surveillance in
achalasia has not been determined. Whether definitive therapy
for achalasia (e.g., surgical myotomy) changes cancer risk has
also not been determined.

3.7. TYLOSIS (DIFFUSE PALMOPLANTAR
KERATODERMA)

This rare, autosomal-dominant, fully penetrant condition is
marked by hyperkeratosis of the palms and soles, in addition to
a thickening of the oral and esophageal mucosa. Two pheno-
types, A and B, have been identified and appesar to be linked to
mutations in keratin genes clustered on chromosomes 17923 and
1291113, respectively (34,35). Type B presents in infancy, is
associated with gingival hyperplasia, and regions of hyper-
keratosis have sharply demarcated edges that can extend onto
wrist flexures (36). This form has not been associated with an
increased risk of esophageal cancer. In contrast, type A presents
in childhood to young adulthood and is associated with buccal
leukoplakia and regions of hyperkeratosis that have blurred
edges that can affect weight-bearing regions (36). Patients with
type A tylosis have an extremely high risk of developing SCC of
the esophagus, with a 50% incidence by age 45 and a more than
90% incidence by age 65 (37). Early dysplasia may be endoscopi-
cally invisible, suggesting surveillance biopsies should be taken
from multiple Sites at various levels of the esophagus.

3.8. RADIATION THERAPY TO THE CHEST

There is afivefold increased risk of esophageal SCC 10 or
more years after radiation therapy for breast cancer compared
with women who did not receive radiation therapy for their breast
cancer (38). However, the overall risk in this setting is still low,
with one study documenting only 72 primary esophageal SCCs
among 220,000 women with more than 1 million person-years of
follow-up (38).

3.9. LICHEN PLANUS

Lichen planus is a disease of unknown etiology in which
there is T-lymphocyte-mediated inflammation directed against
the squamous epithelium of the skin, mouth, esophagus, geni-
tals, and anus (39). In mucocutaneous regions, including the
esophagus, lichen planus may manifest as lacelike striae or
papular, atrophic, plague-like, or erosive lesions. Patients with
liver disease, including hepatitis C, are at increased risk for this
condition, although a pathophysiological mechanism explain-
ing the association remains undefined (40). External skin
lesions often resolve within 1-2 yr, but lesions of mucus mem-
branes can persist for decades. Patients with oropharyngeal
lichen planus are at increased risk for developing SCC,
although the risk appears to be less than 1% (41). Thereisa
single report of a person with chronic esophageal lichen planus
developing advanced esophageal SCC despite undergoing
annual upper endoscopy (42). That patient was neither asmoker
nor aregular user of alcohol, increasing the likelihood that the
etiology of her SCC was chronic inflammation associated with
lichen planus. The authors of that report suggest regular sur-
veillance for dysplasia for anyone with esophageal lichen
planus, although there is no evidence proving the effectiveness
of this strategy.

4. METHODS FOR IMPROVING
THE ENDOSCOPIC DETECTION OF DYSPLASIA

When performing endoscopy for the early detection of
malignancy, any suspicious lesion should be biopsied, with
consideration given to taking multiple pieces using large-size
(jumbo) biopsy forceps for maximum sensitivity (43). The
addition of brush cytology may aso improve the diagnostic
yield (44,45). However, esophageal SCC most likely develops
through a dysplasia—neoplasia sequence similar to other forms
of cancer (3). Thisimplies that there are microscopic changes,
such as nuclear enlargement and clumping of chromatin, that
are present before the development of endoscopically visible
lesions. The development of improved endoscopic optics along
with the use of special mucosal stains (termed “chromo-
endoscopy”) has proven useful for making these lesions visi-
ble during endoscopy. These enhancements may allow an
endoscopist to target biopsies, thereby making screening or
surveillance procedures more efficient.

4.1. MAGNIFICATION ENDOSCOPY

Magnifying endoscopes use various lenses to enlarge an
already high-resolution video image. By using specia dias on
the endoscope handle, the endoscopist can “zoom in” on an
image, magnifying it 1.5-105 times the original size (46). This
feature has been used with chromoendoscopy (see Section 4.2.)
to characterize Barrett’s epithelium (47,48), small bowel atrophy
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in patients with suspected malabsorption (49), colonic polyps,
and aberrant crypt foci (50,51).

4.2. CHROMOENDOSCOPY

Chromoendoscopy is the term describing the use of specia
dyes during endoscopy to highlight histological changeswithin
the gastrointestinal mucosa. A specific dye is applied to the
mucosa, typically with the use of a spray catheter passed
through the accessory channel of an endoscope. After the
application of the dye, careful endoscopic inspection is per-
formed looking for areas that either fails to stain or stain dif-
ferently than their surroundings. The dye used is chosen based
on the particular pathology sought and the choice reflects the
different cell types and cell components stained by each dye.
In the case of squamous cell dysplasia, iodine is used as the
stain based on a chemical reaction between iodine and glyco-
gen (52). The glycogen rich prickle-cell layer of the stratified
squamous esophageal epithelium stains greenish brown after
the application of a potassium iodide solution or Lugol’'s
iodine. Dysplastic epithelium lacks the glycogen-rich granules
in the prickle-cell layer and therefore fails to stain. The brown
staining of the normal squamous cells may not be complete
but the endoscopist can take biopsies targeted from the least
stained regions. lodine chromoendoscopy can detect early SCC
in the esophagus that might otherwise go undetected by con-
ventional endoscopy (52,53). lodine chromoendoscopy can
also be helpful in defining the extent of an esophageal SCC or
in better defining the gastroesophageal junction. To perform
iodine chromoendoscopy, the esophageal mucosa is typically
washed with 40-50 cc of water to remove mucus followed by
the application of 10-20 cc of 1.5-3% Lugol’s solution. The
endoscopist should then wait 1-5 min to ensure sufficient
staining before careful inspection. Biopsies are generally taken
from unstained or understained regions 5 mm or greater in
diameter. Patients may experience heartburn, chest discomfort,
dysphagia, fever, tingling, or nausea and the technique should
be avoided in those with an alergy to iodine (52,53).

4.3. SPECTROSCOPY AND OPTICAL COHERENCE
TOMOGRAPHY

Currently the identification of dysplastic or neoplastic epithe-
lium depends on the histological interpretation of a biopsy spec-
imen by a pathologist. Unfortunately, because normal-appearing
epithelium may still harbor dysplasia, “blind” biopsy protocols
are still the most commonly used method of tissue sampling
during surveillance endoscopy. Yet even the most widely advo-
cated systematic approach using jumbo biopsy forceps can miss
adenocarcinoma in the setting of Barrett’'s esophagus (54).
Furthermore, there is significant interobserver variation among
pathologists classifying degrees of dysplasia within histological
specimens of Barrett’s esophagus (55,56). This has led investi-
gatorsto search for aternative methods for identifying dysplasia
that do not rely on tissue processing and histological interpreta-
tion. Spectroscopy and optical coherence tomography are two
such techniques. They provide information about a tissue using
optical technology without the need for taking a biopsy.

Spectroscopy relies on the fluorescent properties of inherent
tissue components (fluorescence spectroscopy), the photon-
scattering and color-absorption properties of living tissue

(light-scattering spectroscopy), and the vibration patterns of
specific biological agents (Raman spectroscopy) to aid in the
diagnosis of dysplastic foci (57). Optical coherence tomo-
graphy uses the reflection of infrared light off of living tissue
to generate an image similar to that obtained by standard his-
tological processing of abiopsy specimen with 10 p resolution
(58). Although early in clinical applications, these methods are
demonstrating great promise for the early detection of
esophageal dysplasia (59,60).

5. EFFECTIVENESS OF SCREENING

In some institutions, iodine chromoendoscopy is performed
routingly at the end of upper endoscopy for all male patients over
the age of 50 (52). Thismay be appropriatein regions of theworld
where esophageal SCC isextremely prevalent, but thereisno data
to support this type of routine use in most locations. However,
severd investigators have prospectively studied the selective use
of upper endoscopy to evaluate specific patients considered to
have increased risk for esophageal SCC (24,26,61-71). These
patient populations have included those with a history of upper
aerodigestive tract malignancy, those with any prior malignancy,
and those with chronic alcohol/tobacco exposure (Table 2).
Some authors regularly performed iodine chromoendoscopy for
screening/surveillance, wheress others either used iodine staining
selectively, or not at al. When chromoendoscopy was regularly
used, there were frequently lesions detected only after the appli-
cation of Lugol’s iodine, supporting its utility in screening.
Among a combined total of 3036 patients with a history of cur-
rent or prior head and neck cancer undergoing screening/surveil-
lance endoscopy, 153 (5%) were found to have either high-grade
dysplasia or a synchronous or metachronous esophageal SCC,
many of which were confined to the mucosa or submucosa
Among 1504 patients with a history of excessive alcohol use,
either alone or in combination with tobacco and hot mate con-
sumption, 60 (4%) were found to have high-grade dysplasia or
SCC, many of which were likewise early stage. Given the associ-
ation between dcohol, smoking, and cancers of the head and neck,
it is impossible to determine the exact contribution of each
component to the development of esophageal SCC. In addition,
the vast mgjority of patients screened have been male, leaving the
utility of screening among women impossible to determine.
Nonetheless, a4-5% yield of dysplasiafor ascreening endoscopic
procedure is quite high and suggests these specific patient
populations may benefit from the implementation of a formal
screening protocol.

There are, however, different yields between screening (an
initial endoscopy) and surveillance (repeat endoscopies over
some time interval) endoscopies, with most studies showing
that the largest benefit comes an initial screening examination.
Different patterns of iodine staining have been noted that may
help further risk-stratify patientsinto those who are more likely
to progress to cancer, and therefore more likely to benefit from
repeated endoscopy (24). Patients whose esophagus contains
numerous tiny (<5 mm) foci of mucosa that fails to stain with
iodine appear to be more likely to develop cancer during
follow-up (24,26). The yield of iodine chromoendoscopy sur-
veillance in the setting of achalasia has not been reported.
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Table 2
Prospective Studies of Screening for Esophageal SCC Among High-Risk Populations

No. of subjects No. of subjects
High-risk with high-grade dysplasia with early-stage?

Author association No. of patients Male (%) or cancer (%) lesions (%)
Shiozaki (67) H&N Ca 178 77 9(5.1) 7 (78)
Ina (64) H&N Ca 127 100 8 (6.3) NR
Muto (65) H&N Ca 389 83 54 (13.9) 50 (93)
Petit (66) H&N Ca 1560 NR 50 (3.2) NR
Scherubl (68) H&N Ca 148 72 15 (10.1) 10 (67)
Atabek (62) H&N Ca 574 NR 12 (2.1) NR
Tincani (70) H&N Ca 60 92 5(8.3) 5 (100)

and excessive

alcohol/tobacco
Shimizu (26) Prior nonesophageal cancer® 331 100 9(2.7) 9 (100)
Shimizu (24) Prior esophageal SCC 82 93 12 (14.6) 12 (100)
Yokoyama (71) Excessive alcohol 901 100 33(3.7) 31 (94)
Ban (61) Excessive alcohol 255 100 10 (3.9) 10 (100)
Meyer (69) Excessive alcohol 158 96 13(8.2) NR

and/or smokingP
Fagundes (63) Excessive alcohol, smoking, 190 100 4(2.1) NR

and hot mate drinking

H&N Ca, head and neck cancer; NR, not reported.

aEarly-stage, high-grade dysplasia or stage | cancer (confined to the mucosa or submucosa without lymph node metastases) (73).

bAn unreported percentage of subjects also had head and neck cancer.

Note: All studies except Petit, Scherubl, and Atabek reported the routine use of Lugol’s iodine chromoendoscopy.

It is extremely important to clarify the definition of effec-
tive screening. If one's aim is to simply identify cancer, the
datain Table 2 suggest a reasonably high yield for screening
endoscopy among patients with head and neck cancer or
excessive alcohol and tobacco use. However, when deter-
mining the utility of a screening test for malignancy, one
should also consider the impact of identifying early cancer
on the patient’s survival and quality of life. In the case of
esophageal SCC, definitive treatment of early-stage lesions
can certainly improve survival, but among the patients for
whom screening may detect these lesions, overall survival
may still be limited. For example, among patients with can-
cer of the head and neck, a sizeable portion will die from
recurrence of this tumor, regardless of therapy for an inci-
dentally identified esophageal cancer. In some cases, sur-
gery for head and neck cancer may limit a surgeon’s ability
to resect an esophageal cancer, leaving only nonoperative
therapeutic options. Finally, patients with chronic alcohol
and tobacco exposure are likely to have comorbidities such
as cirrhosis or heart disease that predispose to early mortal-
ity or limit treatment options for cancer. Therefore, the effec-
tivenessin identifying early esophageal SCC may be limited
by an unchanged life expectancy. Two studies of more than
3500 patients with head and neck cancer failed to find much
survival benefit from endoscopic screening for esophageal
carcinoma (62,66). However, several of the deaths in those
series were from esophageal cancer and iodine chromoen-
doscopy was not routinely used in screening. Therefore very
early, otherwise curable lesions may have been underdiag-
nosed. The question of whether long-term survival can be
improved among high-risk populations undergoing opti-
mized screening remains unanswered.

6. CONCLUSIONS AND RECOMMENDATIONS

Although certain exposures significantly increase the risk
of developing esophageal SCC, the overall prevalence of this
disease should be considered when deciding who might bene-
fit from endoscopic screening. It is probably a combination of
factors that conveys the highest risks, and physicians must
determine on an individual basis whether screening endoscopy
might have a potential impact on a given patient’s course. For
instance, an impoverished 60-yr-old black man with a long
history of alcohol and tobacco use may benefit from a screen-
ing endoscopy with iodine chromoendoscopy, whereas a
wealthy 60-yr-old nonsmoking white woman who drinks alco-
hol only occasionally is unlikely to dervie any benefit from
screening. Others who may benefit include patients with an
early-stage head and neck cancer or patients from a region of
the world where the incidence of esophageal SCC is very high.
Only patients who can be effectively treated for esophageal
cancer should be screened, although early cancers may be
amenable to endoscopic mucosal resection in otherwise in-
operable patients (72).

According to the American Society for Gastrointestinal
Endoscopy (ASGE), patients with tylosis should begin surveil-
lance endoscopy at age 30 and have repeat endoscopy not more
than every 1-3 yr (7). This should be limited to patients with
type A tylosis. The ASGE also recommends that patients with
a history of caustic ingestion with stricture formation undergo
endoscopic screening beginning 15-20 yr after the ingestion
with surveillance endoscopy not more than every 1-3 yr (7). A
role for endoscopic screening among patients with achalasiais
less clear, athough patients with a prolonged history of
dysphagia before diagnosis and treatment may derive benefit.
Petients with longstanding esophageal lichen planus may benefit
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from screening and surveillance, but this remains speculative.
There is insufficient evidence to support a role for screening
among patients with a history of radiation therapy to the chest.
Finally, the cost-effectiveness of endoscopic screening for
esophageal SCC among any high-risk population has not been
established.
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