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Barrett’s esophagus is a well-recognized precursor of esophageal adenocarcinoma. Surveillance of Barrett's
esophagus patients is recommended to detect high-grade dysplasia (HGD) or early cancer. Because of wide
variation in the published cancer incidence in Barrett's esophagus, the authors undertook a systematic review
and meta-analysis of cancer and HGD incidence in Barrett’s esophagus. Ovid Medline (Ovid Technologies, Inc.,
New York, New York) and EMBASE (Elsevier, Amsterdam, the Netherlands) databases were searched for papers
published between 1950 and 2006 that reported the cancer/HGD risk in Barrett's esophagus. Where possible, early
incident cancers/HGD were excluded, as were patients with HGD at baseline. Forty-seven studies were included in
the main analysis, and the pooled estimate for cancer incidence in Barrett's esophagus was 6.1/1,000 person-
years, 5.3/1,000 person-years when early incident cancers were excluded, and 4.1/1,000 person-years when both
early incident cancer and HGD at baseline were excluded. Corresponding figures for combined HGD/cancer
incidence were 10.0 person-years, 9.3 person-years, and 9.1/1,000 person-years. Compared with women, men
progressed to cancer at twice the rate. Cancer or HGD/cancer incidences were lower when only high-quality
studies were analyzed (3.9/1,000 person-years and 7.7/1,000 person-years, respectively). The pooled estimates
of cancer and HGD incidence were low, suggesting that the cost-effectiveness of surveillance is questionable
unless it can be targeted to those with the highest cancer risk.

adenocarcinoma; Barrett esophagus; esophageal neoplasms; incidence; meta-analysis; review

Abbreviations: Cl, confidence interval; LSBE, long-segment Barrett’s esophagus; SIM, specialized intestinal metaplasia; SSBE,

short-segment Barrett's esophagus.

In recent decades, the incidence of esophageal adenocar-
cinoma in the United States and Western Europe has risen at
a more rapid rate than that of any other malignant neoplasm
(1-5). It is now the most common type of esophageal cancer
in these countries (6)

Barrett’s esophagus is well recognized as a precursor of
the majority of cases of esophageal adenocarcinoma (7). It
has been estimated that Barrett’s esophagus carries a risk of
cancer 30—125 times greater than that for an age-matched

population (8). Five-year survival following a diagnosis of
esophageal adenocarcinoma is less than 15 percent (9, 10).
Hence, Barrett’s esophagus surveillance has been recom-
mended to detect dysplasia and early carcinoma (11, 12).
Several studies have now shown that patients diagnosed
with esophageal adenocarcinoma within a surveillance pro-
gram have earlier-stage disease and longer survival times
than patients diagnosed outside such programs (13-15).
However, the cost-effectiveness of Barrett’s esophagus

Correspondence to Dr. Fouad Yousef, Centre for Clinical and Population Sciences, Queen’s University of Belfast, Mulhouse Building, Royal
Group of Hospitals, Grosvenor Road, Belfast BT12 6BJ, Northern Ireland, United Kingdom (e-mail: Fyousef01@qub.ac.uk).

Am J Epidemiol 2008;168:237-249

20z I1dy 60 uo 3senb Aq £0/9€ 1//£2/€/89 | /aI01e/Be/Wwoo" dno"olWwepeDE//:SdRy WOy pPapeojumMoq



238 Yousef et al.

surveillance is dependent on cancer risk (16). Wide variation
in this risk has been observed, ranging from O percent to 3
percent per annum (17).

To date, there have been three known published system-
atic reviews of the incidence of cancer in Barrett’s esopha-
gus (17-19). However, in all three, the literature search was
limited to studies published in the English language, and
two searched only the Medline database (17, 18). In addi-
tion, one of these included only those patients who had un-
dergone medical or surgical treatment (18), and two of the
studies (17, 18) did not include high-grade dysplasia as an
outcome. Furthermore, patients with high-grade dysplasia at
baseline, who have a high risk of progression to malignancy
(20-25), were not excluded from any of the studies, and
quality criteria for the selection of studies were not applied.

We undertook this systematic review to include all papers
irrespective of language of publication and to exclude prev-
alent high-grade dysplasia. We included high-grade dyspla-
sia as an outcome, applied quality criteria to the studies, and
undertook analyses based on them. We also investigated
the variation in cancer/high-grade dysplasia incidence in
Barrett’s esophagus by geographic location and other fac-
tors such as length of Barrett’s segment and sex.

MATERIALS AND METHODS

Both Ovid Medline (Ovid Technologies, Inc., New York,
New York) and EMBASE (Elsevier, Amsterdam, the Nether-
lands) databases were searched for all papers published in any
language between 1950 and 2006 that reported the cancer or
high-grade dysplasia risk in Barrett’s esophagus. The two main
search strategies combined the results of keyword searches for
Barrett’s esophagus and for cancer. The following keywords for
Barrett’s esophagus were used: Barrett’s esophagus, Barrett’s
metaplasia, Barrett’s mucosa, Barrett’s epithelium, columnar
lined esophagus, or specialized intestinal metaplasia (SIM).
The keywords used for cancer and dysplasia were the follow-
ing: adenocarcinoma, esophageal cancer, esophageal neo-
plasm, esophageal neoplasia, adenosquamous tumor, or
dysplasia. These terms were used as keyword and mapped
terms, and both American and English spellings were allowed.

Duplicate publications were removed. Each title and ab-
stract was independently reviewed by two researchers to
determine whether the paper was relevant to the review
topic. The full text was reviewed if the abstract indicated
that the paper reported cancer or high-grade dysplasia risk in
Barrett’s esophagus patients. The bibliographies of these
articles were also scanned to identify additional articles.
Papers were incorporated in the review if they included
a follow-up period and reported the incidence of esophageal
cancer or high-grade dysplasia in Barrett’s esophagus irre-
spective of the definition of Barrett’s esophagus used—for
example, endoscopically or histologically confirmed, short-
segment Barrett’s esophagus (SSBE) or long-segment
Barrett’s esophagus (LSBE), SIM present or not.

Studies were excluded if

e they were available as abstracts only.
e they reported esophageal cancer incidence in famil-
ial Barrett’s esophagus patients.

e they reported esophageal cancer incidence in
Barrett’s esophagus in intellectually disabled patients.

e they reported esophageal cancer incidence in
Barrett’s esophagus in children.

e they reported only those patients who underwent
antireflux surgery.

e all patients had dysplasia at baseline.

If serial publications reported cancer risk in the same
cohort, only the most recent report was included. However,
information was obtained from earlier reports for subgroup
analysis if the most recent studies did not include the
required information.

Data extraction

The first author (F. Y.) and one of the other authors (L. M.,
M. C, or K. G.) extracted data independently from each
study by using standardized proformas (this data extraction
form is posted on the Journal’s website (http://aje.oupjournals.
org/)), and any disagreement was resolved by discussion.
The following data were extracted, where available: study
location; year and language of publication; definition of
Barrett’s esophagus used; number of patients in the study;
number of patients for whom follow-up information was
available; mean follow-up period; person-years of follow-
up; mean age of patients; and proportion of patients at
baseline who were male, were female, had LSBE (>3
cm) or SSBE (<3 cm), had SIM, or had low-grade dys-
plasia or high-grade dysplasia. The following data were
also collected, where available, to evaluate the outcomes
of interest: total number of cancers and high-grade dys-
plasias, number of incident cancers and high-grade dys-
plasias (if patients developed a cancer after high-grade
dysplasia, only the cancer was counted), period used to
exclude early incident cancer and high-grade dysplasias,
and number of early incident cancers and high-grade dys-
plasias. When the authors of the reports excluded early
incident cancers, it generally was for those occurring
within the first 6 or 12 months after Barrett’s esophagus
diagnosis. Both thresholds were accepted unless cancers
occurring between 6 and 12 months could be excluded on
further examination of the published data. In general, the
authors of the reports did not exclude high-grade dyspla-
sias occurring within the first year, but some reports pro-
vided information to enable these cases to be excluded.

Quality criteria

Three factors were considered indicators of good study
quality: 1) large study size (i.e., >500 person-years),
2) application of a robust definition of Barrett’s esophagus—
clinically visible segment and histologically confirmed SIM,
and 3) low likelihood of selection bias. Selection bias was
assessed by calculating the proportion of all Barrett’s esoph-
agus patients in the population under study for whom follow-
up data were provided (or for whom follow-up was not
appropriate, e.g., prevalent esophageal cancer). Studies that
did not provide information to enable this proportion to be
calculated or in which the proportion was less than
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70 percent were considered to be affected by selection bias.
Exclusion of studies on the basis of each of these quality
criteria would have resulted in the omission of 23, 32, and
18 studies, respectively. If all quality criteria had been ap-
plied, all but eight studies would have been excluded. There-
fore, instead of excluding these studies, we conducted
subgroup analyses according to the criteria.

Calculating esophageal cancer and high-grade
dysplasia incidence in each study

All studies excluded prevalent cancers at baseline. For
each study, the incidence of cancer in Barrett’s esophagus
was calculated by dividing the number of incident cancers
by the total number of person-years of observation. When
the information could be extracted, participants with early
incident cancer (cancer occurring in the first year) and high-
grade dysplasia at baseline were excluded. If the total
number of person-years of follow-up was not reported, it
was calculated by multiplying the number of patients under
follow-up by mean duration of follow-up. For studies that
reported median age only, this information was used to ap-
proximate mean age. The combined incidence of cancer and
high-grade dysplasia was calculated in a similar way.

Pooled analyses

Exact methods, based on the Poisson distribution, were
used to calculate 95 percent confidence intervals for the rate
of cancer/high-grade dysplasia for presentation in forest
plots. Meta-analysis models were applied by using the log
incidence rates of cancer/high-grade dysplasia and corre-
sponding standard errors. When the counts of cancer/high-
grade dysplasia were zero, a correction of 0.5 was added to
the number of cases and person-years of follow-up, prior to
calculation, as previously described (26). Heterogeneity be-
tween studies was investigated by using the y” test and was
measured by using the I statistic (27). The I? statistic meas-
ures the proportion of variation in the study estimates due to
heterogeneity. A random-effects model (28) was used to
calculate a pooled estimate of the incidence rate from the
combined studies.

An alternative analysis that did not involve any correc-
tions for zero counts of cancer/high-grade dysplasia was
conducted by using a two-stage method (29) to summarize
the incidence rate at the study level and to produce an av-
erage incidence rate (and 95 percent confidence interval)
based upon the mean and standard deviation of the study
incidence rates. This analysis produced similar results and is
therefore not shown in this paper.

Publication bias was investigated by examining funnel
plots and by using Begg’s and Egger’s test that used a liner
regression approach to measure funnel plot asymmetry on
the natural logarithm scale of odds ratio (30, 31). All statis-
tical analyses were performed by using Stata version 9.2
software (Stata Corporation, College Station, Texas).

All studies that met inclusion criteria were included in the
principal analyses. Repeat analyses included only those
studies in which early incident cancers or patients with
high-grade dysplasia at baseline could be excluded. Sub-
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group analyses, which were identified a priori, were per-
formed on the basis of the quality criteria and according
to sex, length of segment, presence of SIM, and definition
of Barrett’s esophagus used.

RESULTS

The Ovid Medline and EMBASE searches yielded 3,896
and 5,610 entries, respectively (figure 1). Following removal
of duplicates, 7,780 abstracts were assessed and 209 articles
appeared to be appropriate for inclusion in the review. The
full-text papers were evaluated, and 80 papers met the cri-
teria. Another nine papers were added following review of
the bibliographies of these papers. Data were extracted from
these 89 studies. Nineteen studies (32-50) were excluded
because the incidence of cancer or high-grade dysplasia in
Barrett’s esophagus could not be calculated, and 23 repeated
studies (51-73) were also excluded. Forty-seven studies
(74-120) were therefore included in the analysis of cancer
incidence in Barrett’s esophagus patients (figure 1).

Study characteristics

Of the 47 studies included in the review, 17 were from the
United Kingdom, 13 from other European countries, 13
from the United States, and four from other countries. The
overall mean age was 59.6 years in the 35 studies providing
this information. Twenty-seven studies reported the sex of
the Barrett’s esophagus patients, with a mean overall male
percentage of 68 percent. Twenty-five studies reported the
length of Barrett’s esophagus, and the mean percentage of
LSBE was 92 and the mean percentage of SSBE was 7.7 in
these studies. Twenty-five studies reported the percentage of
Barrett’s esophagus patients with SIM, and the overall mean
percentage who were SIM positive was 90 percent. Seven-
teen studies reported the proportion of Barrett’s esophagus
patients undergoing routine surveillance, with an overall
mean of 77 percent. Twenty-one studies reported the per-
centage of Barrett’s esophagus with low-grade dysplasia at
baseline: the overall percentage of low-grade dysplasia in
these studies was 15.7 percent (table 1).

Overall incidence of cancer in Barrett’'s esophagus. All
47 studies provided data that could be used for the analysis
of cancer incidence in Barrett’s esophagus patients. The
studies included 11,279 patients followed up for 47,496
person-years, in whom 209 cancers occurred. The average
cancer incidence in Barrett’s esophagus was 6.1 per 1,000
person-years (95 percent confidence interval (CI): 4.7, 7.9)
(figure 2). However, there was evidence of considerable
heterogeneity in the incidence rates (y> = 135.4, df = 46,
p < 0.001; I? = 66 percent). In 29 studies in which the early
incident cancers within 1 year could be excluded, the aver-
age incidence rate of cancer in Barrett’s esophagus was 5.3
per 1,000 person-years (95 percent CI: 3.8, 7.4), but again
there was marked heterogeneity (X2 =774,df =28, p <
001; P =64 percent). In 12 studies, both the early incident
cancers and patients with high-grade dysplasia at baseline
could be removed, the average incidence rate was 4.1 per
1,000 person-years (95 percent CI: 3.1, 5.5), and there was
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FIGURE 1. Search strategy used and number of studies included at each stage of the meta-analysis. Ovid Medline: Ovid Technologies, Inc., New
York, New York; EMBASE (The Excerpta Medica Database): Elsevier, Amsterdam, the Netherlands).

lizttle evidence of heterogeneity (x> = 9.4, df = 11, p = 0.58;
Ir=0).

The mean incidence rate in the United Kingdom studies
was 7.0 per 1,000 person-years (95 percent CI: 4.2, 11.5). In
US studies, it was 6.4 per 1,000 person-years (95 percent CI:
4.1, 9.8), and in other European countries studies it was 5.6
per 1,000 person-years (95 percent CI: 3.7, 8.5).

Incidence of both cancer and high-grade dysplasia.

Twenty-five studies (45, 62, 68, 74, 79, 80, 85-87, 90,
91, 94-100, 109, 111-115, 119) provided data on the in-
cidence of high-grade dysplasia as well as cancer. These
studies included 4,491 patients followed up for 22,609
person-years, with 99 incident cancers and 79 incident cases
of high-grade dysplasia. There was evidence of marked het-
erogeneity in this pooled analysis (3> = 106.7, df =24, p <
0.001; I* = 77 percent). The pooled incidence of cancer or
high-grade dysplasia was 10.0 per 1,000 person-years (95
percent CI: 7.1, 14.2) (figure 3). In 18 studies, it was possi-
ble to exclude both early incident cancer and high-grade
dysplasia within the first year of follow-up and the pooled
estimate was 9.3 per 1,000 person-years (95 percent CI: 6.3,
14), but heterogeneity remained (x> = 84.8, df = 17, p <
0.001; I* = 80 percent). In 10 studies in which it was pos-

sible to exclude high-grade dysplasia at baseline, the pooled
estimate of cancer or high-grade dysplasia was 9.1 per 1,000
person-years (95 percent CI: 5.9, 13.8), but again there was
marked heterogeneity (y > = 29.2, df = 9, p = 0.0006; I* =
69 percent).

Subgroup analysis

Table 2 shows the results of subgroup analyses. Six stud-
ies (61, 66, 84, 89, 98, 108) reported the incidence of cancer
in men, giving a pooled estimate of 10.2 per 1,000 person-
years. The pooled incidence in females (five studies (61, 84,
89, 98, 108)) was 4.5 per 1,000 person-years. Twenty-six
studies (52, 54, 60, 66, 67, 73, 75, 76, 81, 83, 85, 88, 89, 92,
93, 96, 97, 101, 102, 105, 107, 111, 116-118, 120) reported
the incidence of cancer in LSBE, with a pooled estimate of
6.7 per 1,000 person-years, while the pooled incidence in
SSBE (six studies (54, 63, 64, 74, 86, 102)) was 6.1 per
1,000 person-years. Twenty studies (45, 74, 77, 80, 85, 86,
91, 94, 96-98, 102, 103, 109, 112-115, 118, 119) reported
the incidence of cancer in SIM, producing a pooled estimate
of 4.7 per 1,000 person-years.

Am J Epidemiol 2008;168:237-249
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TABLE 1. Studies included in the systematic review and meta-analysis of the incidence of cancer in Barrett’s esophagus
First author pﬁg'er?tfs Mean — \iJe  Female LSBE* SSBE* SIM*  LGD*
(reference no.) Country Year  Language nder adey ) (%) (%) %) %) (%)
ollow-up
Spechler (82) United States 1984  English 105 NA* NA NA NA NA 100.0 NA
Cameron (92) United States 1985  English 104 596 67.3 32.7 100.0 0.0 NA NA
Cooper (93) New Zealand 1987  English 33 NA NA NA 100.0 0.0 NA 0.0
Garcia Marcilla (117) Spain 1989  Spanish 130 50.6 NA NA 100.0 0.0 NA NA
Ovaska (81) United Kingdom 1989  English 26 NA NA NA 100.0 0.0 NA NA
Skinnert (110) United States 1989  English 45 NA NA NA NA NA NA NA
Mirost (111) Australia 1991  English 107 63.3 NA NA 100.0 0.0 NA 9.4
Watson (105) United Kingdom 1991  English 45 63.3 NA NA 100.0 0.0 NA NA
Williamson (107) United Kingdom 1991  English 176 56.0 NA NA 100.0 0.0 NA 10.2
Attwood (88) United Kingdom 1992  English 45 66.6 51.1 48.9 100.0 0.0 NA NA
Bartelsman (90) Netherlands 1992  English 50 NA NA NA NA NA NA NA
Iftikhar (83) United Kingdom 1992  English 102 462 63.0 60.8 39.2 100 NA 2.0
Sanchez Robles (118) Spain 1995  Spanish 13 63.2 NA NA 100.0 0.0 100.0 NA
Komorowskit (98) United States 1996  English 14 56.0 78.6 214 NA NA 786 50.0
Wrightt (108) United Kingdom 1996  English 166 NA 65.1 34.9 NA NA NA NA
Yuonest (109) United States 1997  English 61 NA NA NA NA NA 100.0 NA
Katz (97) United States 1998  English 102 63.0 824 15.7 100.0 0.0 100.0 4.9
Streitz (104) United States 1998  English 136 NA NA NA NA NA NA NA
Teodorit (45) Italy 1998  English 30 53.0 60.0 40.0 NA NA 100.0 NA
Bujanda Fernandez
(116) Spain 1999  Spanish 46 58.0 717 28.3 100.0 0.0 NA NA
Wilkinsont (120) United Kingdom 1999  English 12 NA NA NA 100.0 0.0 250 NA
Bani-Hani (89) United Kingdom 2000 English 357 63.0 58.0 42.0 NA NA 86.0 NA
Macdonaldt (76) United Kingdom 2000  English 143 57.0 60.1 52.5 100.0 0.0 NA NA
Rana (101) United Kingdom 2000  English 44 58.0 727 27.3 100.0 0.0 68.2 NA
Rudolpht (102) United States 2000 English 235 NA NA NA 70.6 29.4 100.0 485
Coniot (74) United States 2001  English 154 599 81.3 18.7 64.5 355 100.0 9.6
Eckardt (75) Germany 2001  English 60 61.0 583 1.7 100.0 0.0 NA 0.0
Fitzgerald (95) United Kingdom 2001  English 96 62.0 74.0 26.0 NA NA 70.8 NA
Spechler (103) United States 2001  English 108 58.0 NA NA NA NA NA NA
Srinivasant (119) United States 2001  English 8 60.0 NA NA NA NA 100.0 NA
Conio (77) Italy 2003 English 166 62.3 70.1 29.9 76.0 24.0 NA 45.0
Hillmant (80) Australia 2003  English 351 59.2 70.9 29.1 NA NA 100.0 16.0
Hurschler (79) Switzerland 2003 English 207 NA NA NA NA NA 36.2 6.3
Murrayt (78) United Kingdom 2003  English 2,950 NA NA NA NA NA NA 5.8
Parrilla (100) Spain 2003  English 43 50.0 76.7 23.3 NA NA 90.7 7.0
Basut (91) United Kingdom 2004  English 135 62.1 NA NA 94.8 126 100.0 7.4
Hage (96) Netherlands 2004  English 105 63.4 552 44.8 100.0 0.0 100.0 10.5
Meiningt (99) Germany 2004  English 148 55.8 53.0 47.0 NA NA NA NA
Solaymani-Dodaran (84) United Kingdom 2004  English 1,656 63.6 61.6 38.4 NA NA NA NA
Aldulaimit (87) United Kingdom 2005  English 126 63.0 76.2 23.8 NA NA NA NA
Dulait (94) United States 2005 English 575 60.0 99.0 0.2 NA NA 100.0 23.3
Murphy (86) United Kingdom 2005  English 178 570 714 28.7 81.5 185 100.0 185
Oberg (85) Sweden 2005 English 140 57.3 743 25.7 100.0 0.0 100.0 0.0
Gladman (112) United Kingdom 2006  English 195 62.6 554 44.6 89.7 10.3 100.0 0.0
Remes-Troche (113) Mexico 2006  Spanish 185 55.1 56.8 44.3 NA NA 100.0 NA
Sharma (114) United States 2006  English 618 59.0 NA NA NA NA 100.0 56.0
Veitht (115) Germany 2006  English 748 609 67.8 32.2 421 329 100.0 NA

* | SBE, long-segment Barrett's esophagus; SSBE, short-segment Barrett's esophagus; SIM, specialized intestinal metaplasia; LGD, low-grade
dysplasia; NA, nonapplicable because data were either not available or could not be calculated after exclusion of early incident cancer or
high-grade dysplasia at baseline.

1t Number of patients, person-years of follow-up, number of cancers, and cancer incidence may differ from published figures because early
incident cancers, patients with high-grade-dysplasia at baseline, and associated person-years of risk were excluded where possible.
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FIGURE 2.
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Forest plot of random-effects meta-analysis of the incidence of cancer in Barrett's esophagus. Cl, confidence interval.
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FIGURE 3. Forest plot of random-effects meta-analysis of the incidence of cancer and high-grade dysplasia in Barrett's esophagus. Cl,

confidence interval.

Application of quality criteria

Table 2 also shows the pooled cancer incidence after
applying the quality criteria: study size greater than 500
person-years, low likelihood of selection bias, and a robust
definition of Barrett’s esophagus applied. When only those
studies including 500 person-years or more were consid-
ered, the pooled incidence was 4.4 per 1,000 person-years
and the combined high-grade dysplasia and cancer inci-
dence was 7.4 (95 percent CI: 5.3, 10.3) per 1,000 person-
years. The same estimate of cancer risk (4.4 per 1,000
person-years) was also obtained when only those studies
applying a robust definition of Barrett’s esophagus were
included, while the combined high-grade dysplasia and can-
cer incidence was 9.5 (95 percent CI: 6.0, 15.0) per 1,000
person-years. A pooled cancer estimate of 4.9 per 1,000
person-years (incidence of 8.5, 95 percent CI: 5.6, 12.7 per
1,000 person-years for cancer and high-grade dysplasia) was
produced when only those studies with less likelihood of
selection bias were included. Only eight studies met all three
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quality criteria, and the pooled estimate of cancer incidence
was 3.9 per 1,000 person-years. Seven studies meeting all
three quality criteria gave a pooled estimate for both cancer
and high-grade dysplasia of 7.7 (95 percent CI: 4.7, 12.7) per
1,000 person-years. The heterogeneity in the subgroup anal-
ysis was substantially lower than in the overall analysis.

Publication bias

A funnel plot is shown in figure 4. Although tests of
funnel plot asymmetry were not statistically significant
(Begg’s test, p = 0.24; Egger’s test, p = 0.92), the funnel
plot displayed some evidence of larger, more extreme esti-
mates in the smaller studies, which would be consistent with
publication bias. This finding is consistent with the smaller
incidence rate noted in the larger studies described in table 2.
Publication bias was also assessed by Begg’s and Egger’s
test among studies from different geographic areas, and
there was no evidence of publication bias within the US,
United Kingdom, or European studies.
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TABLE 2. Pooled estimates of cancer incidence in subgroups and when quality criteria were applied*

Cancer
Variable S';'Saigfs per;“O‘;_?;ars c';'g(';g:s i”‘;‘f’ggge/ 95% Clf 12 (df) pvalue 12 (%) 95% Cl
person-years
Overall incidence 47 47,496 209 6.1 47,79 1354 (46) <0.001 66 55,75
Men 6 3,445.9 31 10.2 6.3, 16.4 7.58 (5) 0.18 34.4 0, 74
Women 5 1,901 7 45 22,92 2.2 (4) 0.69 0 0, 50
LSBEt 26 11,201.7 61 6.7 5.2,8.6 23.3 (25) 0.55 0 0, 52
SSBE+t 6 1,361.6 7 6.1 3.1,12.2 0.66 (5) 0.98 0 0,0
SIMt-positive cases 20 19,716.39 69 4.7 3.3,6.5 33.3 (19) 0.02 43 3, 66
Application of quality criteria

Study size (person-years)

>500 23 41,278.8 152 4.4 34,57 48.5 (22) 0.001 55 27,72

<500 24 6,217.43 57 11.6 8.4,16.0 30.1(23) 0.12 26 0, 55
Possible selection biast

No 28 36,177.1 137 4.9 3.9,6.3 47.39 (27) 0.09 43 11, 64

Yes 19 11,319.1 72 8.2 53,128 53.14(18) <0.001 66 45,79
Definition of Barrett's esophagus

Well defined§ 14 17,570 71 4.4 35,56 12.79 (13) 0.46 0 0,4

Other 33 29,926.23 138 7.0 49,99 113.0(32) <0.001 72 60, 80
All three quality criteria metq 8 13,677.8 51 3.9 3.0,5.2 4.53 (7) 0.72 0 0, 63

* Analyses were not restricted to studies in which early incident cancers or patients with high-grade dysplasia at baseline could be excluded.
t Cl, confidence interval; LSBE, long-segment Barrett's esophagus; SSBE, short-segment Barrett's esophagus; SIM, specialized intestinal

metaplasia.

¥ Selection bias was considered likely if <70% of Barrett’s esophagus patients in the center/population were followed up in the study.

§ Endoscopically visible segment and histologically confirmed SIM.

9§ Person-years >500, no selection bias, and well-defined Barrett's esophagus.

DISCUSSION

This systematic review showed that the overall estimate
of cancer incidence in Barrett’s esophagus was 6.1 cases per
1,000 person-years (0.61 percent per year or 1 in 164
person-years). This incidence is slightly higher than that

10,000

5,000 4
4,000 ~
3,000 -
2,000 -

1,000 '.:-i o
OA‘ o % ....‘..: o ©%® °
T T T T T

0 10 20 30 40
Incidence rate per 1,000 person-years

Person-years of follow-up

FIGURE 4. Funnel plot of incidence rate against person-years of
follow-up.

reported by Shaheen et al. (17), who used a different ap-
proach to estimate cancer incidence. It is similar to that
observed in the medically treated Barrett’s esophagus group
in a recent review (18) that compared cancer incidence in
medically and surgically treated patients, and it is slightly
lower than that reported in the most recently published re-
view (19). However, only one of these reviews excluded
early incident cancers and none excluded cancers occurring
in patients with high-grade dysplasia at baseline, which will
inflate the risk of cancer for patients with uncomplicated
Barrett’s esophagus. When we limited our analysis to stud-
ies in which these two groups were excluded, the cancer
incidence was 4.1 per 1,000 person-years (0.41 percent
per year or 1 in 244 person-years), which is likely to be
a more robust estimate of the cancer incidence in Barrett’s
esophagus patients.

The occurrence of high-grade dysplasia is an important
outcome in Barrett’s surveillance programs because its de-
tection provides an opportunity to prevent progression to
invasive cancer through esophagectomy (121) or other in-
terventions, such as photodynamic therapy (122) and endo-
scopic mucosal resection (123). We therefore calculated
a combined incidence of cancer and high-grade dysplasia.
The pooled estimate of cancer and high-grade dysplasia in-
cidence was 10.0 per 1,000 person-years of follow-up, de-
clining to 9.1 per 1,000 (1 in 110 person-years or 0.91

Am J Epidemiol 2008;168:237-249
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percent per year) when early incident cancers (or high-grade
dysplasia) or cancers occurring in patients with high-grade
dysplasia at baseline were excluded. The later incidence is
similar to that reported by Thomas et al. (19) even though
cancers occurring in patients with high-grade dysplasia at
baseline were not excluded.

The quality of the published studies included in this re-
view was highly variable. We considered a number of pa-
rameters as quality criteria and decided to apply study size,
likelihood of selection bias, and application of a robust def-
inition of Barrett’s esophagus. However, because many of
the studies were small, did not apply robust criteria for
Barrett’s esophagus diagnosis, had low follow-up rates, or
did not provide information to enable the reader to assess the
proportion of patients who were followed up, we undertook
subgroup analyses on the basis of these criteria rather than
excluding lower-quality studies. Cancer incidence was
much lower in large rather than small studies: 4.4 per
1,000 person-years in studies with 500 person-years or more
compared with 11.6 per 1,000 in smaller studies. This find-
ing is similar to that of Thomas et al. (19), who reported
a low incidence of 5 per 1,000 person-years when they
excluded studies with less than 200 person-years.

Three explanations for this finding are possible. First,
smaller studies may have included a biased selection of
Barrett’s esophagus patients with a high cancer risk (e.g.,
patients referred to specialist treatment centers). Second,
large studies may not have been able to identify all incident
cases of cancer. Third, there may have been bias against the
publication of small studies showing low cancer incidence,
but there was little evidence of publication bias in this study.
Similarly, studies achieving high follow-up rates or using
a robust definition of Barrett’s esophagus reported lower
cancer incidence than other studies did. Only eight studies
met all three quality criteria (seven of which included high-
grade dysplasia as an outcome); cancer incidence in these
studies was 3.9 per 1,000 person-years, while cancer and
high-grade dysplasia incidence was 7.7 per 1,000 person-
years. Although these data are from few studies, the studies
were large (including almost 14,000 person-years in total
and 51 incident cancers) and well performed. Therefore,
they are most likely to provide the best estimate of the true
incidence of cancer and high-grade dysplasia in uncompli-
cated Barrett’s esophagus.

Information was not available to calculate the incidence
in SIM-negative Barrett’s esophagus, but, surprisingly, the
pooled incidence of cancer in SIM-positive cases (4.7 per
1,000 person-years) was lower than that in all studies (6.1
per 1,000 person-years), which will have included patients
without SIM. This may have occurred because the studies
providing information regarding SIM status were, in gen-
eral, large (14 of 20 studies included 500 or more person-
years) and provided sufficient information to exclude early
incident cancers (18 of 20 studies), thereby resulting in
a lower incidence compared with all studies combined.

Few studies provided data to calculate cancer incidence
for men and women. However, in the studies that did pro-
vide these data, cancer incidence in men was more than
twice that in women, which is in keeping with the male
predominance among patients with esophageal adenocarci-
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noma (1, 124) and with studies that show male sex to be
a risk factor for progression to cancer (33, 125). We did not
find any geographic variation in cancer incidence in
Barrett’s esophagus. Geographic differences in the popula-
tion incidence of esophageal adenocarcinoma are well de-
scribed (2, 5), including a higher incidence in the United
Kingdom compared with the United States. Jankowski et al.
(126) have suggested that this finding was due to a higher
rate of progression from Barrett’s esophagus to esophageal
adenocarcinoma in the United Kingdom, but our findings do
not support this hypothesis. Thomas et al. (19) also reported
no geographic variation in Barrett’s esophagus cancer risk.
Previous studies (54, 83, 127, 128) indicate that patients
with LSBE are at a higher risk of developing cancer than
patients with SSBE. In contrast, this review showed no dif-
ference in the overall cancer incidence between patients with
LSBE or SSBE. However, only six studies provided data to
calculate the incidence of cancer in SSBE, and these studies
included 1,400 person-years and only seven incident cancers.
Our study cannot therefore conclude, with any certainty, that
there is no difference in cancer incidence between SSBE and
LSBE. The study by Thomas et al. (19) showed a trend to-
ward lower incidence in patients with SSBE, but this analysis
was also based on data from a small number of studies.
The funnel plot shows some evidence of publication bias,
but the Egger’s and Begger’s tests were not statistically
significant. This finding was in keeping with those of
Thomas et al. (19). Conversely, Shaheen et al. (17) con-
cluded that publication bias was present in their review. In-
clusion of foreign language papers, more recent
publications, and several earlier references that Shaheen
et al. did identify may explain the difference in the findings
of our review and that of Shaheen et al. There was substan-
tial heterogeneity between studies included in our review,
with the risk of esophageal cancer in individual studies
varying between 0 and 35.5 cases per 1,000 person-years
and an I value of 66 for the combined estimate of cancer
incidence. Many factors may have contributed to this het-
erogeneity, including temporal difference in the studies,
study size, proportion of Barrett’s esophagus patients fol-
lowed up, geographic location of studies, definitions of
Barrett’s esophagus used, and age and distribution of
patients. Because of an evident heterogeneity, we applied
random-effects models and undertook subgroup analyses
where possible, based on the quality criteria. Heterogeneity
was substantially reduced in the subgroup analyses, and the
results of these analyses may therefore be more reliable.
When data from only the high-quality studies were ana-
lyzed, a low incidence of esophageal adenocarcinoma in
Barrett’s esophagus was found, at 3.9 per 1,000 person-years;
the combined incidence of esophageal adenocarcinoma and
high-grade dysplasia was somewhat higher at 7.7 per 1,000
person-years. Published data indicate that 19-59 percent of
cases of high-grade dysplasia progress to cancer (129). If 40
percent of the incident high-grade dysplasia cases in the stud-
ies do not progress to cancer, then the overall risk of cancer in
Barrett’s esophagus can be estimated to be 6.3 per 1,000
person-years (0.63 percent per year).
To date, we know of no randomized controlled trials of
Barrett’s esophagus surveillance that have been published,
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so several authors have used mathematical models to ex-
plore the cost-effectiveness of surveillance (16, 130, 131).
Despite different modeling approaches and the application
of different costs, these studies confirm that the cost-
effectiveness of surveillance is crucially dependent on the
incidence of cancer in Barrett’s esophagus. On the basis of
costs in the United States, Provenzale et al. (16) concluded
that, for a cancer risk of 5 per 1,000 person-years, surveil-
lance every 4 years was indicated and, if the risk was 0.4
percent year, surveillance every 5 years was the only strat-
egy that increases quality of life. Modeling surveillance
from a United Kingdom perspective, Garside et al. (131)
concluded that, at a cancer risk equivalent to 0.5 percent
per year, no surveillance costs less and results in a better
quality of life than surveillance, irrespective of the surveil-
lance interval used. The estimates of cancer incidence ob-
tained from this systematic review are close to those used in
these models and clearly indicate that the cost-effectiveness
of Barrett’s surveillance is questionable unless it can be
targeted to those Barrett’s esophagus patients who are at
the highest risk of cancer.

In conclusion, this study showed substantial heterogene-
ity between the published reports that have examined the
risk of cancer or high-grade dysplasia in Barrett’s esopha-
gus. Men progressed to cancer at twice the rate of women,
but no clear difference was found in the rate of progression
for patients with SSBE or LSBE, and no geographic varia-
tion in progression to cancer was evident. When high-
quality studies were examined, the rates of progression to
cancer or cancer and high-grade dysplasia combined were
low (0.39 percent per year and 0.77 percent per year, re-
spectively), which calls into question the cost-effectiveness
of endoscopic surveillance of Barrett’s esophagus.
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