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The development of oesophageal adenocarcinoma 
(AC) is a multi-step process. The oesophageal squa-
mous epithelium (NE) first undergoes a metaplastic 

change into a columnar-type epithelium called Barrett’s 
oesophagus (BE) and this resultant metaplastic tissue may 
then progress to AC through a series of histopathological 
changes according to the multi-step model of carcinogen-
esis (Hanahan and Weinberg, 2000).

According to the updated guidelines for the diagnosis, 
surveillance and therapy of BE published by the American 
College of Gastroenterology (ACG) in 2002, BE is 
defined as: 

‘a change in the oesophageal epithelium, of any 
length, that can be recognized at endoscopy and 
is confirmed to have intestinal metaplasia (IM) 
by biopsy of the tubular oesophagus and 
excludes intestinal metaplasia of the cardia’ 
(Sampliner, 2002).

There are currently no European guidelines, although 
the British Society of Gastroenterology published guide-
lines last year (British Society of Gastroenterology, 
2005). BE can be diagnosed endoscopically by its salmon 
pink colour, contrasting with the pale pink NE, extend-
ing above the gastro-oesophageal junction into the 
oesophagus. The endoscopic appearance must then be 
corroborated by histopathological evidence of columnar 
epithelium. The likelihood of diagnosing intestinal 
metaplasia (IM) increases with the number of biopsies 
taken because of the heterogeneous nature of the mucosa  
(Levine et al, 1993).

Currently early detection of cancers in people with a his-
tory of BE is performed through endoscopic surveillance 
procedures and the merit of setting up a screening pro-
gramme to identify new BE cases is being discussed by 
associations of gastroenterologists worldwide. These issues 
are subject to controversy. Some parties are vehemently for 
or against the current surveillance practice, while others 
wish to create a new composite surveillance/screening pro-
gramme using more sensitive and specific clinical tools.

Surveillance
Clinical protocols
BE surveillance programmes aim to detect patients at risk 
of progression to cancer so that therapeutic options can be 

decided according to the perceived risk of cancer develop-
ment. The guidelines from the ACG suggest that: 

‘the grade of dysplasia determines the endoscopy 
interval, and an abnormal epithelial surface such 
as a nodule or ulcer requires special sampling 
attention. Surveillance endoscopy intervals are 
lengthening in the absence of dysplasia on two 
consecutive endoscopies with biopsy, a 3 year 
interval is appropriate’ (Sampliner, 2002).

Although not officially endorsed, the ‘Seattle protocol’ 
for surveillance has been recommended for optimum 
detection of IM and high grade dysplasia (HGD) (Levine 
et al, 1993). This protocol proposes that endoscopists 
should take quadrantic biopsies at 2 cm intervals along 
the BE segment with jumbo biopsy forceps. However, 
this biopsy procedure is not routinely performed. An 
American study where questionnaires regarding surveil-
lance were sent to 1000 randomly selected members of 
the clinical practice section of the ACG demonstrated 
that 96% of respondents performed endoscopic surveil-
lance. Furthermore, 23% of physicians performed ran-
dom biopsies, 77% performed quadrantic biopsies every 
2 cm and most (83%) used standard capacity forceps 
rather than jumbo biopsy forceps (Falk et al, 2000). In a 
similar study in the UK, 76% of physicians considered 
surveillance worthwhile and only 41% followed the 
Seattle protocol with standard biopsy forceps and 44% 
biopsied a ‘random and suspicious areas protocol’ 
(Mandal et al, 2003).

Arguments for and against surveillance
At gastroenterology meetings and in gastroenterology 
journals, debates on the usefulness of surveillance have 
taken place. The main reason advocated for endoscopic 
surveillance is that a greater proportion of surveillance 
diagnosed AC were early tumours when compared to 
newly diagnosed AC (Streitz et al, 1993; Peters et al, 
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1994; Wright et al, 1996). Although many practitioners 
do not subscribe to the Seattle protocol there are data 
suggesting that rigorous surveillance increases the pick-
up rate of early tumours (Fitzgerald et al, 2001). In the 
study describing the Seattle protocol, patients who were 
detected with HGD and early tumours did not require 
surgery (Levine et al, 1993).

Importantly, early tumours have better 5-year survival 
rates (62–90%) compared to cancers detected de novo 
(20%) (Streitz et al, 1993; Peters et al, 1994; Wright et 
al, 1996). These data suggest that surveillance can be 
useful for individual patients as less invasive treatment 
methods may be required when cancer is detected early 
and their survival is greatly increased. Furthermore, the 
postoperative survival of surveillance diagnosed AC 
(12 patients with a mean survival of 107 months) was 
shown to be greater than that of de novo diagnosed AC 
(68 patients with a mean survival of 12 months) (Corley 
et al, 2002). However, it should be remembered that 
surveillance detected cancers may be prone to lead time 
bias, i.e. patients may be diagnosed earlier rather than 
actually surviving longer. 

On the other hand, the risk of progression from BE 
through dysplasia to AC is apparently not as high as pre-
viously believed. Indeed in several studies amounting to a 
total of 780 patients followed up for 2.9–7.3 years, the 
risk of progression to AC was 2% for non-dysplastic BE, 
7% for low grade dysplasia (LGD) and 22% for HGD 
(Sampliner, 2002). Furthermore, the diagnosis of dyspla-
sia is very subjective with high inter- and intra-observer 
variability (Reid et al, 1988; Macdonald et al, 1997). The 
currently accepted incidence rate of AC occurring in BE 
is 0.5% per patient per year (Shaheen et al, 2000), 
although in the UK it is likely to be nearer to 1% 
(Jankowski et al, 2002). Furthermore, it is not clear 
whether BE is a prerequisite for the development of AC. 
It has been suggested that only 5% of AC cases had a 
background of BE (Dulai et al, 2002), but it is likely that 
tumours encompassing a large amount of the distal 
oesophagus will have over-grown a potential BE segment. 
Indeed, preoperative chemotherapy unmasked BE in 
91% (72/79) of patients with AC in the distal oesophagus 
(Theisen et al, 2002). Another consideration is that a 
significant number of BE patients are asymptomatic and 
therefore would not have been endoscoped and given the 
opportunity to enrol in a surveillance programme. It is 
well known that a large number of patients remain undi-
agnosed in the population (Gerson et al, 2002).

Taken together these data suggest that only a small 
proportion of BE patients are surveilled and that the risk 
of progression in those patients, even those with dyspla-
sia, is small. The question arises therefore, whether the 
cancer risk warrants a procedure which is so time con-
suming, expensive and uncomfortable for patients. 
Indeed most BE patients (97.5%) die of causes unrelated 
to AC (van der Burgh et al, 1996) and it has been sug-
gested that being involved in a surveillance programme 

might cause distress to patients, although this last point 
has never been substantiated by a systematic study exam-
ining the effect of surveillance on quality of life. 
Furthermore, the general consensus is that the current 
surveillance programme is not cost effective but that a 
modification of the existing protocol would be. 
Endoscopic surveillance of non-dysplastic BE patients 
every 5 years would yield a cost effectiveness similar to 
that of other medical practice while improving life 
expectancy (Streitz et al, 1998; Pabst et al, 1999). 

The other considerations are practical ones concerning 
the current reliance on endoscopy, multiple biopsies and 
the histopathological diagnosis of dysplasia. According to 
which definition is used, BE may affect up to 1% of the 
population in the westernized world (Cameron, 2002). 
The population of the UK is currently around 60 million 
inhabitants; if 1% of those have BE, the national burden 
will be approximately 600 000 cases. If these 600 000 
patients had to be followed up every 3 years, the endos-
copy units would have to cope with 560 patients per day 
including weekends and bank holidays. Similar calcula-
tions can be applied to other parts of the western world 
and it seems unlikely that most health-care systems could 
cope with the endoscopic workload that would be gener-
ated by surveillance if all cases were identified.

The diagnosis of dysplasia relies on random sampling 
of the BE segment. In a 6 cm segment, up to 24 jumbo 
biopsies should be taken in order to have an accurate 
diagnosis of dysplasia (Levine et al, 1993). Assuming 
that the segment is circumferential in the oesophagus, 
that a jumbo forceps takes a 2 mm sample and that the 
oesophagus is 4 cm in diameter, the surface sampled 
would be less than 0.5% of the BE segment. Furthermore, 
it has been demonstrated that the BE segment is not 
necessarily composed of a single clonal expansion (Maley 
et al, 2004). Therefore, relying so heavily on luck to 
biopsy the clone of interest should not be condoned as 
good medical practice. Currently in the UK, neither the 
jumbo forceps nor the quadrantic biopsy every 2 cm are 
being used routinely, reducing even further the surface of 
the oesophagus being sampled (Mandal et al, 2003).

The need for an alternative to dysplasia as a measure of 
the risk of progression, with a better sampling technique 
that would allow for automation, is direly needed (see 
below). However, even a perfect surveillance test with 
100% sensitivity and specificity for identifying curable 
neoplasms will do little to decrease overall oesophageal 
cancer mortality if it is used in a minority of the popula-
tion at risk. As a result, it has been suggested that screen-
ing endoscopy should be performed in persons with 
heartburn, who are most at risk for developing BE and 
AC (Sampliner, 2002). 

Endoscopic screening
While surveillance refers to the monitoring of patients 
already diagnosed with BE in order to detect HGD and 
AC, screening aims to detect patients with undiagnosed 
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BE in the population. Screening could either be applied 
to the whole population or could be targeted to a par-
ticular group of people according to their likely risk of 
having BE.

The guidelines from the ACG suggest that ‘patients 
with chronic gastro-oesophageal reflux disease (GORD) 
symptoms are those most likely to have BE and should 
undergo upper endoscopy’. Although the official 
American guidelines suggest that screening should be 
performed on all GORD patients, it is not common 
practice in the USA and is not practiced routinely in 
the UK.

Since it is estimated that 10–20% of the population 
suffer from GORD there is concern about the high cost 
of performing endoscopies on all patients with GORD. 
In addition, although the risks associated with endoscop-
ies are low they are not nil and there might be legal 
consequences if a complication arose (Spechler and Barr, 
2004). Furthermore, a cohort of over 400 patients who 
underwent surveillance for BE showed that only 30% 
had been referred originally for endoscopy because of 
GORD symptoms (Macdonald et al, 1997). The other 
70% were ‘chance’ findings in patients endoscoped for 
other reasons and some of these patients had never suf-
fered from GORD. Screening GORD sufferers for BE 
will, on the one hand, include an insurmountable 
number of patients with only a minority having BE and, 
on the other hand, miss a large number of BE patients. 
Therefore, identification of risk factors independent 
from GORD, such as genetic susceptibility factors, 
might help in identifying patients at risk for develop-
ment of BE. 

From the small body of literature assessing the cost 
effectiveness of endoscopic screening, such a programme 
would only be cost effective if men at the age of 50 years 
underwent a single life-time screen followed by surveil-
lance of dysplastic BE patients only (Soni et al, 2000; 
Inadomi et al, 2003). However, this favourable outcome 
depends on a diagnostic test with a high sensitivity and 
specificity as well as a high prevalence of BE and HGD. 
In contrast, screening followed by surveillance of non-
dysplastic BE at less than 5-year intervals was associated 
with incremental cost effectiveness ratios without a sig-
nificant increase in the quality-adjusted life year (Soni et 
al, 2000; Inadomi et al, 2003).

Alternative approaches to surveillance  
and screening
In view of the high cost and ineffectiveness of the current 
endoscopic screening and surveillance techniques, alter-
native methods are being evaluated.

There has been interest in evaluating a scoring system 
to help determine which patients are most likely to have 
BE and should undergo endoscopy. Several patient ques-
tionnaires have been developed which take into account 
the patient demographics and symptoms. Unfortunately 
the sensitivity and specificity obtained in two studies 

using symptom questionnaires to detect BE were not 
high enough to be clinically useful (sensitivity ~60% and 
specificity of ~80% for both studies) (Gerson et al, 2001; 
Lock et al, 2003).

A number of endoscopic techniques which utilize the 
physical properties of dysplastic compared to non-dys-
plastic tissue are being developed in order to target biop-
sies towards the mucosal area of interest. For example, 
the fluorescence emitted by protoporphyrin IX induced 
following oral administration of amino-laevulinic acid 
can be measured in pre-malignant lesions. The detection 
rates of dysplasia are low (28%) with a high number of 
false positives, mainly as a result of inflammation, but 
this technique is still in its early stages (Stepinac et al, 
2003). Similarly, tissues will scatter photons depending 
on their molecular composition. Raman spectroscopy 
uses this property for predicting the histopathological 
diagnosis of BE. The results obtained were very promis-
ing with a specificity of ~70% and a sensitivity of ~90% 
(Kendall et al, 2003). 

The current approach to identify alternatives for the 
detection of patients at risk of progression is the assess-
ment of biomarkers in biopsy samples. To date more 
than 60 biomarkers with potential have been identified 
but only a handful were proven to be markers of progres-
sion to AC (for review see Reid et al, 2003). The best 
predictor of cancer progression, identified by the Reid 
group in Seattle, is the presence of aneuploidy (multiple 
chromosome numbers) and loss of heterozygosity (LOH) 
on 17p with a relative risk of progression of 46 (95% 
confidence intervals 16–137). The sensitivity and spe-
cificity of this test to detect patients who will progress to 
AC are 95% (Galipeau et al, 2004). 

Detection of these markers still relies on biopsies, but 
work is being carried out to adapt them to cytological 
techniques using endoscopic brushes and balloons. 
These techniques are able to sample a larger area of the 
BE segment at a lower cost (Falk, 2002). Indeed, early 
studies demonstrated a 75% concordance between cyto-
logical and histopathological diagnoses of BE and AC 
(Geisinger et al, 1992; Geisinger, 1995) but a more 
recent study reported a detection rate of only 8% for BE 
(diagnosed by the presence of goblet cells), 3% for LGD, 
10% for HGD and 9% for AC compared with standard 
histopathological assessment of a biopsy (Saad et al, 
2003). In 1997, Hardwick et al, using a cohort of 
65 non-dysplastic BE and 92 AC or HGD, reported a 
sensitivity and specificity of 89% for the detection of AC 
or HGD by cytology. Hence, cytology alone is poor at 
diagnosing BE although the rates of detection of HGD 
and AC were adequate. Such an approach is a promising 
surveillance technique, provided biomarkers are identi-
fied that will increase the sensitivity and specificity of 
cytological diagnosis alone.

To adapt the Reid markers to a cytological sampling 
system, a number of groups have used fluorescent in-situ 
hybridization (FISH) with locus-specific probes to iden-
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tify regions of LOH. Furthermore, aneuploidy could be 
identified either by FISH for centromeric probes or 
image cytometry (Fahmy et al, 2004; Borovicka et al, 
2005; Brankley et al, 2005; Rossi et al, 2005). Authors 
argued that patients at risk of progression could be iden-
tified although none compared the results obtained to 
the accepted method developed by the Reid group. 

Simpler methods relying on immunohistochemistry 
have also been assessed. In a small study, expression of 
p53 was shown to correlate in 9 out of 11 patients in 
biopsies and cytology samples from the same patients 
(Tsai et al, 1997). The expression of villin, a brush bor-
der protein expressed by intestinal metaplastic tissue, was 
assessed in oesophageal brushings to detect BE with a 
view to being developed as a screening tool; 81% of BE 
samples (17 out of 21) had brushings positive for villin 
expression, while none of the squamous or gastric sam-
ples were positive (MacLennan et al, 1999).

The authors’ group has shown that minichromosome 
maintenance (MCM) proteins, proteins essential to 
DNA replication, were markers of progression to AC. 
Immunostaining for Mcm in endoscopic brushings 
allowed for the detection of Barrett’s patients at risk of 
progression to cancer (Sirieix et al, 2003). Furthermore, 
Mcm were used to detect oesophageal cancers using an 
immunofluorometric assay on gastric aspirates. Although 
a sensitivity and specificity of 85% for the detection of 
oesophageal cancers was obtained, this technique has not 
yet been applied to the detection of BE (Williams et al, 
2004).

Although the techniques described above still rely on 
endoscopy, Gary Falk has proposed the use of non-endo-
scopic brushing techniques similar to those that have 
been used in Iran and China for decades. The sensitivity 
and specificity of detection of LGD, HGD, and AC with 
non-endoscopic balloon cytology was low and similar to 
that of brush cytology (Falk et al, 1997). This approach 
was therefore abandoned. In the advent of newly identi-
fied biomarkers, refinement of this approach might lead 
to a cheap alternative to endoscopic screening and might 
also help in stratifying patients according to their risk of 
progression.

Conclusions
Current surveillance protocols are subject to controversy 
and not all practitioners subscribe to the idea of endo-
scopic surveillance. For either screening or surveillance 
to be useful for decreasing the mortality and morbidity 
associated with AC as well as being cost effective, new 
technologies and approaches are required. BJHM
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