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Abstract

AIM: To investigate the lifetime risk of development of
esophageal adenocarcinoma and/or high-grade dyspla-
sia in patients diagnosed with Barrett’s esophagus.

METHODS: Data were extracted from the United King-
dom National Barrett's Oesophagus Registry on date
of diagnosis, patient age and gender of 7877 patients
from who had been registered from 35 United Kingdom
centers. Life expectancy was evaluated from United
Kingdom National Statistics data based upon gender
and age at year at diagnosis. These data were then
used with published estimates of annual adenocarci-
noma and high-grade dysplasia incidences from meta-
analyses and large population-based studies to esti-
mate overall lifetime risk of development of these study
endpoints.
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RESULTS: The mean age at diagnosis of Barrett’s
esophagus was 61.6 years in males and 67.3 years in
females. The mean life expectancy at diagnosis was
23.1 years in males, 20.7 years in females and 22.2
years overall. Using data from published meta-analyses,
the lifetime risk of development of adenocarcinoma
was between 1 in 8 and 1 in 14 and the lifetime risk of
high-grade dysplasia or adenocarcinoma was 1 in 5 to
1 in 6. Using data from 3 large recent population-based
cohort studies the lifetime risk of adenocarcinoma was
between 1 in 10 and 1 in 37 and of the combined end-
point of high-grade dysplasia and adenocarcinoma was
between 1 in 8 and 1 in 20. Age at Barrett's esophagus
diagnosis is reducing and life expectancy is increasing,
which will partially counter-balance lower annual cancer
incidence.

CONCLUSION: There is a significant lifetime risk of
development of high-grade dysplasia and adenocarci-
noma in Barrett’s esophagus.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: The mean life expectancy for patients at di-
agnosis of Barrett's esophagus is 22 years. Based on
current estimates for high-grade dysplasia and adeno-
carcinoma incidence, the lifetime risk of requiring an in-
tervention for high-grade dysplasia or adenocarcinoma
development based on data from recent meta-analyses
is 1in5to 1in 6 and based on data from recent popu-
lation-based studies is between 1 in 8 and 1 in 20.
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INTRODUCTION

Barrett’s columnar-lined esophagus (CLE) is defined as
a replacement of the epithelium of the distal esophagus
from the normal squamous lining to metaplastic colum-
nar epithelium which is thought to be secondary to pro-
longed gastro-esophageal reflux disease!”. The presence
of CLE is a marker of increased risk of development
of esophageal adenocarcinoma. An analysis of a subset
of 1761 patients within the United Kingdom National
Barrett’s Oesophagus Registry cohort undergoing an in-
depth natural history study demonstrated that the annual
risk of development of adenocarcinoma was 23 cases in
3912 years of follow-up (0.59% per annum), higher in
those with low-grade dysplasial4J and recent meta-analyses
have estimated the annual incidence of adenocarcinoma
to be 0.32% (in patients without dysplasia at index en-
doscopy)™, 0.44%', 0.55%'", and 0.51%" per annum.
The majority of patients who have CLE diagnosed do
not develop esophageal cancer'”, but the lifetime risk
has not been well quantified. A study suggested that
10% of patients had developed high-grade dysplasia or
adenocarcinoma within 10 years of symptom onset!"
The rate of obesity is 20%" and the majority of patients
presented with symptoms of gastro-oesophageal re-
fAux" A single center study showed that in a cohort of
1150 patients with CLE followed up for more than one
year, 44 died from esophageal adenocarcinoma, which
accounted for 15.8% of all deaths"". The overall survival
for this tumor remains poor (12% 5 year survival in the
United Kingdom"?). National statistics data for 2012
demonstrate that 1.9% of deaths in males and 0.8% of
deaths in females were due to esophageal cancer”., Tt is
postulated that there is a sequence of changes eventually
leading to cancer development from metaplasia, through
dysplasia to adenocarcinoma, A confirmed diagnosis of
high-grade dysplasia is an indication for consideration of
intervention to the CLE segment (either by endoscopic
therapy or esophagectomy) due to the significant possibil-
ity of the presence of an occult carcinoma and high risk
of subsequent development of cancet'. Patients who are
diagnosed with CLE may be offered surveillance in an
attempt to detect dysplasia and potentially curable cancer.
In an attempt to assist clinicians and patients in deci-
sion making with regard to enrollment into surveillance
programs, this study models the risk of development of
adenocarcinoma based upon the life expectancy of pa-
tients at diagnosis of CLE and annual risk of adenocarci-
noma development using data from the United Kingdom
National Barrett’s Oesophagus Registry (which has been
registering cases of Barrett’s esophagus since 1996, 4
recent meta-analyses of adenocarcinoma risk in Barrett’
s esophagus, 3 population-based studies and Office for
National Statistics data on the United Kingdom popula-
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tion life expectancy.

MATERIALS AND METHODS

Data on patient gender, age at CLE diagnosis and date
of CLE diagnosis were extracted from the United King-
dom National Barrett’s Oesophagus Registry database.
Cases of CLE were included if patients were diagnosed
between 1994 and 2008 from centers registering = 20
patients. Patients were included if aged between 18 and
95 years at date of diagnosis. In the United Kingdom be-
tween one half'"” and two thirds"" of patients with CLE
have intestinal metaplasia detected at index endoscopy.
This yielded a total of 7877 patients from 35 centers in
the United Kingdom. Life expectancy was evaluated from
United Kingdom National Statistics data!” based upon
gender, age at last birthday and year of diagnosis (which

are available for ages up to 95 years at last birthday). Frac-
tions of year of age at diagnosis were subtracted from
the patient’s age before evaluating the life expectancy.
The rate of development of cases of esophageal adeno-
carcinoma was then evaluated by taking the published
incidence rates and subsequently estimating the total
number of expected cancers and lifetime risk of develop-
ing esophageal adenocarcinoma for an individual. The
analysis was then undertaken for the combined endpoint
of high-grade dysplasia and esophageal adenocarcinoma
using the published incidence of these diagnoses. Chang-
es in age at diagnosis and life expectancy over time were
examined using linear regression to allow any changes to
be quantified.

Ethical permission

Ethical permission for studies of this kind undertaken
by United Kingdom BOR was granted by the London
Multi-Centre Research Ethics Committee on 14" March
2002 number MREC/02/26.

RESULTS

There were 2740 females (34.8% of the entire cohort) and
5137 males (65.2%) in the cohort. The mean age at diag-
nosis was 67.3 years in females, 61.6 years in males and
63.6 years overall. The median age at diagnosis was 69.2
years in females, 62.6 years in males and 65.0 years overall.
The histogram showing the distribution of age at diagno-
sis is shown in Figure 1. Eight patients were excluded as
they were diagnosed at > 95 yeats of age and life expec-
tancy data were not available from the Office of National
Statistics at these ages. The life expectancy for each indi-
vidual was evaluated which demonstrated that the mean
life expectancy at diagnosis for the United Kingdom age
and gender-matched population was 20.7 years in females,
23.1 years in males and 22.2 years overall.

Lifetime risk of adenocarcinoma
The number of cases of esophageal adenocarcinoma ex-
pected to develop during the patients’ projected lifetimes
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Figure 1 Age distribution at columnar-lined esophagus diagnosis.

Table 1 Development of adenocarcinoma

Ref. Number of Incidence of adenocarcinoma Annual incidence of Number of cancers expected Individual’s lifetime risk of
patients (n/yr follow-up) adenocarcinoma (95%CI)" to develop (95%CI) adenocarcinoma (95%CI)
Desai et al”” 11434 186,58547 0.32% (0.27-0.37) 557 (479-643) 0.071 (0.061-0.082)
Yousef et al®! 11279 209/ 47496 0.44% (0.38-0.50) 771 (670-883) 0.098 (0.085-0.112)
Sikkema et al”) 14109 344/61804 0.56% (0.50-0.62) 975 (874-1084) 0.124 (0.111-0.138)
Thomas et al®” 9469 186/36635 0.51% (0.44-0.59) 890 (766-1027) 0.113 (0.097-0.130)
Gatenby et al 807 23/3912 0.59% (0.38-0.87) 1030 (653-1546) 0.131 (0.083-0.196)

195%CI evaluated using an exact poisson distribution.

based upon the published adenocarcinoma incidence
rates from meta-analyses are shown in Table 1. These
equate to an individual’s lifetime odds of developing ad-
enocarcinoma of between 1 in 8" to 1 in 14" (95%CL:
1/5-1/16).

Combined endpoint of high-grade dysplasia and
adenocarcinoma

Since three of the four meta-analyses reported data on the
incidence of high-grade dysplasia and adenocarcinoma
(which would commonly be considered an indication for
an intervention on the CLE segment), the number of
cases of high-grade dysplasia and adenocarcinoma are es-
timated in Table 2. These equate to an individual’s lifetime
odds of developing high-grade dysplasia or adenocarci-

noma to around 1 in 5to 1 in 6.
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9613

Time trends

Linear regression analysis of age at diagnosis of CLE
showed that this was reducing with time P = 0.005, B =
-0.158 [95%CI: -0.267-(-0.48)], ie., average age at Barrett’s
esophagus diagnosis fell by one year for each 6.3 year
increase in calendar years. Population-matched life expec-
tancy was increasing with P < 0.001, B = 0.320 (95%CI:
0.219-0.421), i.e., life expectancy at diagnosis of Barrett’s
was increasing by one year for each 3.1 increase in calen-
dar years.

DISCUSSION

Principal findings
These data demonstrate that the general population’s
mean life expectancy at the age at diagnosis of Barrett’s
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Table 2 Development of high-grade dysplasia and adenocarcinoma

Ref. Number of
patients

Incidence of high-grade
dysplasia or adenocarcinoma
(n/yr follow-up)

Annual incidence of
high-grade dysplasia or
adenocarcinoma
(95%CI)’

Number of cases expected Individual’s lifetime risk
to develop high-grade of developing high-grade
dysplasia or adenocarcinoma dysplasia or adenocarcinoma
(95%CI) (95%CI)

Yousef et al'® 2008 4491 178/22609
Sikkema et al”! 2010 4528 194/22559
Thomas et al® 2007

Gatenby et al® 2008 806 39/3908

0.79% (0.67-0.91)
0.86% (0.74-0.99)
0.9% 1577 0.200

1.0% (0.71-1.4)

1379 (1184-1598) 0.175 (0.150-0.203)
1506 (1302-1734) 0.191 (0.165-0.220)

1748 (1243-2390) 0.222 (0.158-0.303)

195%Cl evaluated using an exact poisson distribution.

esophagus is 22.2 years and is likely to continue to in-
crease. Assuming the annual incidence of development
of adenocarcinoma is 0.32% to 0.56%, this would equate
to a lifetime risk of development of adenocarcinoma of
between 0.071 to 0.124 (between 1 in 8 and 1 in 14) if
the population with Barrett’s esophagus have the same
life expectancy as the general population. If it is as-
sumed that patients would undergo an intervention for
the metaplastic segment if either high-grade dysplasia or
adenocarcinoma were detected then the lifetime risk of
requiring this intervention would be 0.175 to 0.200 (be-
tween 1 in 5 and 1 in 6). There are further factors which
may affect an individual’s risk.

Dysplasia at entry

Three of the meta-analyses examined patients with dys-
plasia at study entry, whereas Desai e al” examined cases
with documented intestinal metaplasia and no dysplasia
only. Yousef e# al® demonstrated a lower risk in cases
after excluding those with high grade dysplasia (or eatly
incident cancers) at baseline. Thomas ¢ a/” did not dem-
onstrate an increase in adenocarcinoma incidence in sub-
jects with dysplasia at study entry compared to those with
non-dysplastic Barrett’s epithelium.

Segment length

Desai ¢ al” examined the the subset of patients without
dysplasia and with short segment disease and found that
the annual incidence of adenocarcinoma was around
half that of the whole cohort (0.19% per annum). There
were similar adenocarcinoma incidence rates in long seg-
ment disease (0.67% per annum) and short segment dis-
case (0.61% per annum)'”, Thomas ez /¥ also reported
similar adenocarcinoma incidence in short and long seg-
ment disease, but a trend for lower risk in short segment
disease (P = 0.25) and we have demonstrated the highest

risk is in the longest segments' .

Intestinal metaplasia

There is controversy regarding the necessity for the dem-
onstration of intestinal metaplasia within the columnar
epithelium for the diagnosis of Barrett’s esophagus and
risk of development of esophageal adenocarcinoma.
Yousef et al reported intestinal metaplasia was pres-
ent in 90% (when stated). The rate quoted by Sikkema
et al” was 78%. Desai et al” only examined cases with
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documented intestinal metaplasia and reported the low-
est annual incidence rates of high-grade dysplasia and
adenocarcinoma. Previous United Kingdom studies have
demonstrated that the presence or absence of intesti-
nal metaplasia did not have an appreciable influence on
adenocarcinoma risk!™'" but a United States study has
reported that no cases of dysplasia or cancer arose in
subjects who did not have intestinal metaplasia detected
at index endoscopymj. A large recent study has examined
the role of intestinal metaplasia and is discussed below™".

Gender

The meta-analyses reported similar proportions of male
and female patients (with males accounting for 68%',
64%"™ and 62%™). The incidence of esophageal adeno-
carcinoma in males appears to be higher than in females
(1.02% per annum and 0.45% respectively reported by
Yousef ez al™) with 82% of reported cancers in the analy-
sis of Thomas e al” occurring in males. The population-
based cohort studies (below) have examined the role of
gender further.

Age at diagnosis

Thomas ¢t a” showed no effect on cancer incidence de-
pendent on age at diagnosis, but the large population-based
cohorts which have suggested a significant influence of
age with higher dysplasia and cancer risk at older age.

Smoking, alcohol consumption and obesity

Thomas ef al” reported no significant difference in ad-
enocarcinoma incidence dependent upon smoking or
alcohol consumption. There were no data from the meta-
analyses regarding the risk of adenocarcinoma develop-
ment associated with obesity, however it seems likely that
there will be an increased risk in obese patients”".

Treatment
Desai ¢t a”’ demonstrated no benefit in antireflux surgery
over medical therapy, but improved reflux control is likely

. . 22-2:
to reduce the risk of adenocarcinoma developrnent[ )

Region of origin

Yousef ef a/” showed similar adenocarcinoma incidence in
United Kingdom (0.70%), 0.64% in the United States and
0.56% in other European studies. Sikkema ez al” showed
annual adenocarcinoma incidences of 0.63% in the United
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Kingdom, 0.65% in the United States, 0.65% in Australia
0.65% and 0.56% in other European countries, but higher
rates of the combined endpoint of high-grade dysplasia
and adenocarcinoma in the United Kingdom (1.30% per
annum) compared to the United States (1.10% per an-
num) and other European countries (0.73%). Thomas
et al” reported similar adenocarcinoma and high-grade
dysplasia and adenocarcinoma incidence in studies from
United Kingdom, United States and Europe.

Time trends

Thomas ¢ al”" demonstrated that there was a trend for
a lower incidence of adenocarcinoma with time (P =
0.117). This has not been elucidated, but may be due to
a combination of changes in patient factors (7.e., more
females, more short segment disease, younger patientsm],
improved smoking habits and alcohol consumption) and

improved reflux control.

Recent large studies

Since the publication of the meta-analyses, three further
large population-based studies have been published. A
further case-control study of mortality in patients with
Barrett’s esophagus in the general population registered
with the Clinical Practice Research Database (a United
Kingdom database of primary care records) compared
patients with Barrett’s esophagus to age and gender-
matched control subjectsl%].

Bhat ¢ a/*” reported the results from the Northern
Ireland Barrett’s esophagus Register which includes all
subjects diagnosed with Barrett’s esophagus in Northern
Ireland between 1993 and 2005. The cohort comprised
8522 patients. Seventy-nine patients developed esopha-
geal cancer, 16 developed gastric cardia cancer and 36 de-
veloped high-grade dysplasia after a mean of 7.0 years of
follow-up (a combined incidence of 0.22% per annum).
Intestinal metaplasia was present in 46% of patients and
these patients had a higher risk of adenocarcinoma (0.38%
per year compared to 0.07% in patients without intestinal
metaplasia). The adenocarcinoma incidence was 0.28% in
males and 0.13% in females. Patients with low-grade dys-
plasia had a higher annual incidence of adenocarcinoma
development (1.40% per annum compared to 0.17% in
those with no dysplasia). If the incidence rate from this
study were used then the predicted lifetime risk of devel-
opment of adenocarcinoma in our cohort was 5.8% in
males (1 in 17) and 3.0% in females (1 in 33). The lifetime
risk for the whole cohort of development of high-grade
dysplasia or adenocarcinoma was 4.89% (1 in 20).

de Jonge ez al*” reported the results from the Dutch
nationwide pathology registry which contained data on
16333 patients without prevalent cancer and at least one
year of follow-up. About 9.8% had low-grade dysplasia
at baseline. Total follow-up was 78105 patient-years. The
annual incidence of adenocarcinoma was 0.43% and of
high-grade dysplasia and adenocarcinoma was 0.58%.
They noted that among the patients who developed high-
grade dysplasia and adenocarcinoma the proportion of
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females increased with older age. Adenocarcinoma inci-
dence was higher in males compared to females, at older
age at diagnosis of Barrett’s esophagus and in patients
with dysplasia at baseline. Cases of high-grade dysplasia
and adenocarcinoma continued throughout the follow-
up period beyond 10 years from diagnosis. Using the
incidence rates from this paper and applying them to our
data, the lifetime risk of development of adenocatcino-
ma for the cohort was 9.6% (1 in 10) and lifetime risk of
developing high-grade dysplasia or adenocarcinoma was
12.9% (1 in 8).

Hvid-Jensen ¢t a/™ examined the Danish Pathology
Registry and the Danish Cancer Registry during the pe-
riod from 1992 to 2009. Their cohort comprised 11028
patients with Barrett’s esophagus followed up for a medi-
an of 5.2 years. Sixty-six incident adenocarcinomas were
detected, yielding the lowest reported incidence rate for
adenocarcinoma of 0.12% per annum. Patients with low-
grade dysplasia at the index endoscopy had an incidence
rate for adenocarcinoma of 0.51% per annum and those
with no dysplasia at diagnosis had an annual adenocar-
cinoma risk of 0.10%. Using this incidence, the lifetime
risk for an individual patient in the United Kingdom co-
hort would be 2.67% (1 in 37), but this paper also noted
that adenocarcinoma incidence increased with older pa-
tient age.

Comparison with studies of mortality in Barrett’s
esophagus
Sikkema ez al” reported the number of incident cases
of esophageal adenocarcinoma and mortality outcomes
from 17 studies. There were 131 cases of incident esoph-
ageal adenocarcinoma [of whom 75 (7%) were reported
to have died from their disease) and 992 patients had died
from other causes (cardiovascular disease (35%), followed
by respiratory disease (20%), other malignancies (16%),
unrelated gastrointestinal conditions (4%), other causes
(4%)]. Desai ¢z al” reported the number of incident cases
of esophageal adenocarcinoma and mortality outcomes
from 16 studies. There were 56 cases of incident esopha-
geal adenocarcinoma and 693 patients had died of other
causes. For these patients, whose final outcome could be
determined, 11.7% had developed adenocarcinoma (1 in
8.5) from the data from Sikkema ¢z 2/ and 7.5% (1 in 13)
from the data from Desai ¢/ a”. These data support the
lifetime adenocarcinoma risk calculated in this paper.
Solaymani-Dodaran ¢ a/*" demonstrated that overall
mortality in patients with Barrett’s esophagus was 21%
higher than in control subjects from the general popu-
lation (with higher rates of neoplastic, respiratory and
gastrointestinal causes of death). The hazards ratio for
patients with Barrett’s esophagus to die due to esophageal
cancer compared to control subjects was 12.8. In this
study 4.5% of the Barrett’s esophagus cohort and 1.1%
of the control cohort died due to esophageal cancer. This
compares to 1.4% of all deaths in England and Wales in
2012 and more than 2% of all deaths in those aged 45-74
being secondary to esophageal cancer"”,
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Other considerations

There are three assumptions made in the methodology
which are potential weaknesses: (1) patients with Barrett’s
esophagus have similar life expectancy to the general pop-
ulation; (2) adenocarcinoma risk for all individual patients
after Barrett’s esophagus diagnosis is equal and remains
constant; and (3) adenocarcinoma incidence in Barrett’s
esophagus is not significantly changing with time.

There 1s limited evidence from the study by Solaymani-
Dodaran ¢ /" that the mortality in subjects with Barrett’s
esophagus is higher than that of the general population,
but this has not been more widely demonstrated and in
the single center United Kingdom study the excess moz-
tality was due to cases of esophageal adenocarcinoma''’,

The second assumption is less robust. Firstly, there are
a number of patient factors (see above) which are likely
to affect an individual’s risk and secondly, the assumption
that the adenocarcinoma risk does not vary as a patient
ages during follow-up does not have a strong basis with
suggestion from two of the population-based studies that
cancer risk increases with age”, Furthermore, the pub-
lished studies tend to have follow-up periods of less than
half of the projected 22 years of life for a typical patient
and far shorter than for those diagnosed at a young age. It
1s possible that exclusion of older patients from surveil-
lance programs may reduce the perceived annual incidence
of esophageal cancer, but not the lifetime risk and United
Kingdom cancer registry data demonstrate that the annual
incidence of esophageal cancer increases with age and
more than half of esophageal cancers arise in males age
older than 70 and females age 752,

Finally, the assumption that adenocarcinoma inci-
dence is not changing is likely to be challenged in future,
but whether this is due to differences in surveillance prac-
tices or a change in the biology of Barrett’s esophagus is
not clear.

This is the first study to address this important issue
with large numbers and calculations based on the best avail-
able published evidence and should guide clinicians and
patients in their interpretation of the overall risk of cancer
(and high-grade dysplasia) development. Further studies to
examine subgroup risk will help tailor targeted surveillance
to those who would benefit most from it whilst reassuring
those at low risk and optimize resource use.

COMMENTS

Background

There has been extensive publication on annual risk of cancer in Barrett's
esophagus including studies examining groups at higher and lower risk, but the
overall lifetime risk for individuals has not been well-examined.

Research frontiers

Recent meta-analyses have estimated annual risk of adenocarcinoma to be
between 0.32% and 0.56% per annum and of high-grade dysplasia and ad-
enocarcinoma to be between 0.79% and 0.9% per annum. Population-based
studies have reported adenocarcinoma incidence of 0.12%-0.43% and of high-
grade dysplasia and adenocarcinoma of 0.19% to 0.58% per annum.

Innovations and breakthroughs

This article has estimated the lifetime risk of development of adenocarcinoma
to be between 7 and 12% (1 in 8 to 1 in 14) and the risk of high-grade dysplasia
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and adenocarcinoma to be between 17 and 20% (1 in 5 to 1 in 6) from the data
from meta-analyses.

Applications

These data will assist clinicians and patients in their decisions to enrol in sur-
veillance programmes.

Terminology

Barrett's esophagus describes a change in the lining of the lower esophagus
secondary to prolonged gastro-esophageal reflux and has a risk of development
of esophageal cancer, specifically adenocarcinoma of the esophagus. High-
grade dysplasia describes the immediate pre-cancerous changes which may
also harbour an occult cancer and are generally viewed as an indication for an
intervention to the esophagus to reduce the risk of developing more extensive
esophageal cancer, which cannot be treated with curative intent.

Peer review

This Paper confirms and provides additional evidence supporting the low dys-
plasia/cancer progression rates in individuals with Barrett's esophagus. The
study is well conducted.
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