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Abstract

AIM: To examine an increased risk of esophageal
adenocarcinoma is restricted to patients who develop
Barrett’s esophagus or whether esophagitis per se is a risk
factor for adenocarcinoma.

METHODS: A population-based cohort of patients with
histological evidence of esophagitis without Barrett’s
esophagus was constructed using electronic pathology
reports relating to all esophageal biopsies in Northern
Ireland between 1993 and 1996. Person-years of follow-
up and incident cases of esophageal cancer were
calculated by linking the cohort to death files and the
Northern Ireland Cancer Registry records. Standardized
incidence ratios (SIR) were calculated for esophageal
cancers (adenocarcinoma, squamous cell carcinoma
(SCC), and histologically unspecified cancers).

RESULTS: A total of 2 013 patients in the cohort
provided 13 559 patient-years of follow-up (mean
follow-up 6.7 years). None of the patients developed
adenocarcinoma. Three patients developed SCC, and six
developed histologically unspecified cancers. The SIR for
all esophageal cancers and for SCC were 2.73 (95%CI

1.25-5.19) and 2.93 (95%CI 0.61-8.59), respectively. In
a sensitivity analysis in which all unspecified esophageal
cancers were treated as adenocarcinomas, the SIR for
adenocarcinoma was 2.64 (0.97-5.75).

CONCLUSION: The risk of adenocarcinoma is not
elevated in patients with histological evidence of
esophagitis without Barrett's esophagus; however, these
patients may have a moderately increased risk of SCC.
Further studies are required to confirm these findings,
which suggest that Barrett's esophagus, not esophagitis,
is the key precursor lesion in the development of
adenocarcinoma.

© 2005 The WIG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION

The incidence of esophageal adenocarcinoma (OAC) is in-
creasing at a rate faster than any other cancer in the West-
ern world". The most important risk factor for its develop-
ment is Barrett’s esophagus (BO), a metaplastic condition
in which the native squamous epithelium of the esophagus
is replaced by columnar epithelium, in response to chronic
gastro-esophageal reflux”. OAC appears to result from a
sequence of changes from esophagitis to non-dysplastic
BO, to dysplastic BO, and finally to adenocarcinoma®™?,
It is generally accepted that most, if not allpatients who
develop OAC, pass through this sequence. It is on this
basis that endoscopic surveillance of BO is recommended,
in an attempt to reduce mortality from OAC". However,
some aspects of the relationship between BO and OAC
remain unclear. While BO is the only known precursor to
this tumor, there is a huge variation in the proportion of
cases of OAC in which it is detectable, ranging from 23%
to 100% of cases in different studies”'?. The difficulty in
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identifying BO in patients with OAC is thought to result
from tumor overgrowth of the Barrett’s segment. How-
ever, in a large prospective case-control study in Sweden,
Lagergren ¢/ al' found that in patients with OAC, only
62% had evidence of BO identified by biopsy, despite ex-
tensive sampling by a rigorous protocol. They also found
that symptoms of gastro-esophageal reflux per se were
strongly associated with adenocarcinoma, and that the
presence or absence of BO in cancer cases had no effect
on the strength of this association. These findings have
led to the speculation that gastro-esophageal reflux, rather
than BO, is the crucial factor in the development of OAC.
If that is the case, then esophagitis may be an important
risk factor for its development. To our knowledge, there
are no studies assessing the risk of OAC in patients with
biopsy-proven esophagitis. We undertook a study to ex-
amine the incidence of OAC in a population-based cohort
of patients who had histological evidence of esophagitis
without BO.

MATERIALS AND METHODS

Patients and biopsies

This study is a follow-up study of a population-based
cohort of patients with esophagitis. The cohort comprised
every adult within Northern Ireland (NI), population 1.7
million, with histological evidence of inflammation of
the esophagus that was not due to infection or radiation.
The cohort was constructed by examining pathological
reports relating to all esophageal biopsies undertaken
within all the hospitals in NI between January 1993 and
December 1996. Data were available for biopsies taken
between 1993 and 1999, but only the first 4 years were
used in order to maximize the period of follow-up. These
reports were made available to the NI Cancer Registry
(NICR) in an electronic format during the construction
of the NI Barrett’s Register[m. The reports contained
information on the nature and site of the submitted
biopsy specimen, the clinical summary recorded by the
endoscopist on the request form, the full text of the
pathologist’s report on the specimen, and the pathologist’s
diagnosis. The clinical summaries contained information
relating to the site at which the biopsies were taken. All
pathological reports in which the summary stated that the
biopsies were taken from the esophagus, including the
esophago-gastric junction (OGJ), were examined. A list of
SNOMED (Systematized nomenclature of medicine)"”
codes indicating inflammation in the esophagus was
compiled and biopsies were included in the study, if any
of these codes appeared on the biopsy report (Table 1).
The report which included more than one diagnostic
code was considered if at least one of the codes indicated
inflammation .

Exclusion criteria for biopsy reports

Biopsy reports were excluded, if patients were less than
16 years of age, or if the diagnostic codes included
malignancy, fungal or viral infection, or radiation injury.
The bodies of the reports were then examined and any

Table 1 SNOMED diagnostic codes used in study

Code Diagnostic term Number of patients
M40000 Inflammation 777
MZ0005 Non-specific inflammation 9
M40005 Active inflammation 88
M41000 Acute inflammation 31
M42100 Active chronic inflammation 62
M43000 Chronic inflammation 279
M76820 Inflammatory polyp 2
M36500 Edema 2
M36100 Congestion 52
M45020 Granulation tissue 11
M14110 Erosion 6
M38000 Ulcer/ulceration 570
MY0102 Reflux esophagitis 125

reports in which the pathologist recorded the presence of
columnar epithelium were excluded.

Identification and classification of individual patients

A substantial number of patients in the cohort had
esophageal biopsies taken on more than one occasion.
Individual patients were identified within the dataset by
matching on surname, forename(s), and date of birth (and
hospital numbers when they were available). The date of
the earliest biopsy showing the inflammation was taken as
the date of entry into the cohort.

Further exclusion criteria for patients with columnar
epithelium

Some patients had an esophageal biopsy that contained
columnar epithelium prior to their first biopsy showing
inflammation (NB data only available from January 1993).
These patients were excluded from the cohort. Other
patients had an esophageal biopsy subsequent to their
first biopsy showing inflammation that showed columnar
epithelium. These patients were not excluded, unless the
biopsy showing columnar epithelium occurred within 3
mo of the initial biopsy. These steps were taken to exclude
prevalent cases of BO but to include incident cases in
the cohort, the rationale being that if esophagitis leads to
malignancy through the development of BO, excluding
incident BO would potentially miss these patients.

Follow-up of patients
Members of the cohort were followed up for deaths
and incident esophageal cancer OAC, squamous cell
carcinoma (SCC), and histologically unspecified cancers
and lung cancer till the end of December 2002. Lung
cancer incidence within the cohort was determined as a
proxy for smoking exposure. Deaths among the cohort
were identified by matching with the death files from the
Registrar General’s Office (NI) using the patient’s surname,
forename(s), and date of birth. These files contained
information on all the deaths that occurred within NI.
Incident cases of esophageal cancer with a date of
diagnosis at least 6 mo after the date of entry into the
cohort were identified by matching the cohort with the
NICR database (using the patient’s surname, forename(s),
date of birth, and hospital numbers where available). This
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population-based cancer registry had collected data on all
cancers occurring in NI residents, since the beginning of
1993. When assessing lung cancer incidence, a threshold
of 3 mo after the date of entry into the cohort was used.

Statistical methods

Person-years of follow-up were calculated for each
member of the cohort with censoring either on the date
of diagnosis of the esophageal or lung cancer, on the
date of death, or on 31" December 2002. Incidences
of OAC, SCC, histologically unspecified esophageal
cancers, and lung cancer were calculated as the number of
events divided by the person-years of follow-up. These
incidences were expressed as events per hundred person-
years of follow-up, which is equivalent to percentage
incidence per year. The standardized incidence ratio
(SIR) for these cancers was calculated by comparing
the observed number of cancers in the cohort with
the expected number, and by applying the relevant age-
specific cancer incidence rates in the NI population to
the cohort. Exact confidence intervals (CI) of rates and
ratios were estimated using the Poisson distribution.
Sensitivity analyses were performed in which histologically
unspecified esophageal cancers were reclassified as
OACs and then as SCCs and the corresponding SIRs
were recalculated. This was done to illustrate the most
extreme case scenarios, by assuming that all unspecified
cancers were one or the other histological type of cancer.
These analyses are secondary analyses of data collected
during the construction of the NI Barrett’s Register.
Establishment of this Register received cthical approval
from the Research Ethics Committee of the Queen’s
University, Belfast.

RESULTS

Figure 1 shows how the cohort was constructed and the
effect of exclusion criteria. There were 2 013 patients in
the cohort, comprising 996 (49.5%) men and 1 017 (50.5%)
women. The mean age was 59.8 years, range 16.2-95.6
years. Men were substantially younger than women (56.6%
17.0 »s 63.0£16.2 years). The age and sex distributions of
patients are shown in Figure 2. In 90 (4.5%) patients, the
biopsies had been taken at the OG].

Members of the cohort were followed up for a mean
of 6.7 years for a total of 13 559 person-years of follow-
up. Nine patients developed esophageal cancer (4 men
and 5 women), a mean of 3.1 years (range, 1.0-6.8 years)
after the initial biopsy showing esophagitis. Mean age at
diagnosis was 75.1 years (range, 60.8-86.3 years). None of
the incident esophageal cancers were adenocarcinomas;
three were SCCs and six were histologically unspecified.
Two of the three patients who developed SCC were
women. Histological confirmation of cancer was not
possible in five of the six unspecified tumors, as biopsies
were not taken. These diagnoses were based on the clinical
opinion and in one case the registered causes of death did
not include esophageal cancer. The pathological diagnosis
in the single unspecified cancer case in whom biopsies had

5 609 esophageal biopsies in N. Excluded:
Ireland 1993-96 (diagnostic code | — = | 819 diagnostic code included malignancy|
not including Barrett's esophagus) 234 children<16 yr

l 1429 no diagnostic code for inflammation|

Excluded:
174 patients with evidence of fungal/viral

infection or radiation injury

3 304 biopsies with diagnostid .
code of inflammation

2 890 biopsies
in the database

[Matching process undertaken]

5557 patiat Excluded:

patients » | 31 basic details such as age and sex missing
461 columnar epithelium seen in the biopsy
29 a prior biopsy showed columnar epithelium
16 columnar epithelium seen in repeat biopsy within 3 mo
32 esophageal cancer diagnosed prior to biopsy showing
inflammation (6 OAC, 11 squamous, 14 unspecified, 1
signet ring cell cancer)
15 esophageal cancer diagnosed within 6 mo of biopsi
showing inflammation (2 OAC, 5 squamous, 7 unspecified,
1 leiomyosarcoma)

2 013 patients included
in study (85 patients
(4.2%) had a subsequent]
biopsy showing

columnar epithelium)

9 patients developed esophageal cancer|
(3 squamous cell, 6 unspecified) 21
patients developed lung cancer

Figure 1 Flow diagram showing how cohort of patients with esophagitis was
constructed.
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Figure 2 Age and sex distribution of patients with esophagitis.

been taken was recorded as anaplastic carcinoma but in
the body of the report the pathologist stated that it was
‘probably squamous in type’.

The incidences and SIRs of esophageal cancers are
shown in Table 2. The SIR (95%CI) for all esophageal
cancers in the cohort was 2.73 (1.25-5.19), with a
higher risk in women than men. The SIR (95%CI) for
SCC was also raised at 2.93 (0.61-8.59) but this did not
reach conventional statistical significance. The SIR for
adenocarcinoma was 0 with an upper 97.5%CI of 2.73.
None of the esophageal cancers occurred in patients
whose biopsies were taken at the OG]J and exclusion of
these patients had little effect on observed SIRs (data not
shown). In the sensitivity analyses in which histologically
unspecified cancers were reclassified as OACs and then
as SCCs, the SIRs (95%CI) for OAC and SCC were 2.64
(0.97-5.75) and 4.64 (2.12-8.81), respectively. Dysplasia
was noted in 20 (1%) patients; none of these patients
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Table 2 Risk of esophageal and lung cancer in patients with histologically confirmed esophagitis and without Barrett's esophagus

Number of Incidence per 100 person- Expected number Standardized incidence
cases years of follow-up (95%CI) of cases ratio (95%ClI)

OAC All patients 0 - 1.35 0(-273)"
All esophageal All patients 9 0.07 (0.04, 0.14) 3.29 2.73 (1.25-5.19)
cancers Men 4 0.06 (0.02, 0.16) 1.8 2.22 (0.61-5.69)

Women 5 0.07 (0.02, 0.17) 1.43 3.49 (1.14-8.16)
Esophageal All patients 3 0.02 (0.01, 0.07) 1.02 2.93 (0.61-8.59)
sCC

Men 1 0.02 (0, 0.10) 0.44 2.28 (0.06-12.6)

Women 2 0.03 (0,0.12) 0.59 3.40 (0.41-12.2)
Lung cancer All patients 21 0.16 (0.10, 0.24) 19.71 1.07 (0.66-1.63)

Men 16 0.25 (0.14, 0.40) 11.36 1.41 (0.81-2.29)

Women 5 0.07 (0.02, 0.17) 7.63 0.66 (0.21-1.53)
Sensitivity analyses
Reclassified All patients 6 0.04 (0.01, 0.13) 227 2.64 (0.97-5.75)
oAC? Men 3 0.05 (0.02, 0.11) 1.36 2.20 (0.45-6.45)

Women 3 0.04 (0.01, 0.13) 0.85 3.54 (0.73-10.31)
Reclassified All patients 9 0.07 (0.02, 0.17) 1.94 4.64 (2.12-8.81)
esophageal Men 4 0.06 (0.02, 0.16) 0.91 4.39 (1.20-11.25)
scC’ Women 5 0.07 (0.02, 0.17) 1.02 4.92 (1.59-11.44)

'One-sided 97.5%CI; *OAC+histologically unspecified cancers; *SCC+histologically unspecified cancers.

developed esophageal cancer.

Eighty-five (4.2%) patients in the cohort had a subsequent
esophageal biopsy (after a minimum of 3 mo and before
December 1999) showing columnar epithelium. None of the
patients developed esophageal cancers in this group.

Twenty-one patients developed lung cancer, including 16
men and 5 women. Mean age at diagnosis of lung cancer
was 71.3 years (range, 32.7-80.6 years). Overall, the SIR for
lung cancer was not raised although a modest increase in
risk was seen in men, which was not statistically significant

(SIR 1.41, 95%CI 0.81-2.29).

DISCUSSION

This is the first population-based study to assess the risk
of esophageal cancer in patients with histologically proven
esophagitis that is not complicated by BO. We found that
none of the 2 013 patients with esophagitis developed
OAC after an average follow-up of 6.7 years. However,
some of the six histologically unspecified tumors that
occurred within the cohort might be adenocarcinomas.

This study has got many advantages. All patients had
histologically confirmed esophagitis, and every patient
in whom this diagnosis was made in NI between 1993
and 1996 was included in the study. The population-
based nature of this study avoids selection biases that
may operate when only patients attending specific centers
are investigated. Also, patients who showed evidence of
BO were excluded from the cohort, which allowed us
to examine the risk of esophageal cancer in esophagitis
uncomplicated by BO. Finally, follow-up of patients
is likely to be near-completion for two reasons: firstly,
population-based cancer and death registers were used
to determine deaths and cancer incidence among the
cohort; and secondly, emigration from NI is uncommon,
averaging 1.1% of the population per year in the period
1991-2003",

This study also has limitations. A diagnosis of ‘reflux
esophagitis’ was made in only a small proportion of
cases because scant clinical details were provided on
the pathology request forms. However, reflux of gastric
contents was the most likely cause of esophagitis that
was not due to infection or radiation. Also, patients
with esophagitis were not routinely biopsied, so patients
included in this cohort may represent a subset of patients
with esophagitis who had suspicious features at endoscopy.
Risk of esophageal cancer may, therefore, be exaggerated
in this cohort but exclusion of prevalent cancers and
cancers occurring within the first 6 mo reduces the effect
of this problem. Accurate histological classification of
the incident esophageal tumors occurring in the cohort
was not available for 60% of tumors. Some of the
unclassified tumors may be adenocarcinomas rendering the
absolute incidence of OAC, an underestimate. However,
classification of esophageal cancer incidence in the general
population is subject to the same limitations, meaning that
the SIRs presented for all cancers and for cancer subgroups
should be valid comparisons between the cohort and the
general population. Furthermore, we performed sensitivity
analyses to estimate the maximum incidence of OAC and
SCC, by assuming that all the histologically unspecified
cancers were actually OACs or SCCs, respectively. Lastly,
the modest size of the cohort and the period of follow-up
have resulted in small numbers of incident cancers, which
may render some of the estimates of cancer risk unstable.
Another effect of the relatively short period of follow-up
is that a late increase in the risk of OAC associated with
esophagitis cannot be discounted.

When all histologically unspecified cancers were treated
as OACs, giving a maximal possible risk of OAC, the risk
in the cohort was approximately 2.5 times than that of the
general population. This is undoubtedly an overestimate
but the extent cannot be ascertained. We have previously
demonstrated a 17-fold increase in risk of OAC in a cohort
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of patients with BO (histologically confirmed specialized
intestinal metaplasia) drawn from the same population and
followed up in the same manner as in this study'". These
data suggest that, unlike BO, esophagitis without BO is not
an important risk factor for OAC.

The literatures regarding the risk of adenocarcinoma
in esophagitis are conflicting. Previous case-control
studies have shown that esophagitis or esophageal ulcer
is associated with a two- to fivefold increased risk of
OAC!"™™. However, the diagnosis of esophagitis was
obtained from case-note review or questionnaire and was
not histologically confirmed. Also, it was not possible to
identify and exclude patients with BO in these studies.
Ye et al™ reported a sixfold increase in the incidence of
OAC in a large population-based cohort study of patients
with a hospital diagnosis of gastro-esophageal reflux
disease (GORD), but patients with BO were not excluded.
A recent study utilizing data from the United Kingdom
General Practice Research Database estimated that patients
with esophagitis had a 4.5-fold increased risk of OAC
compared to the normal population, whereas the risk in
BO patients was increased 30-fold”'. Moreover, following
long-term follow-up of patients with GORD, Spechler
et al” found that patients with BO at baseline developed
OAC at an annual rate of 0.4%, whereas the rate in
patients without BO was only 0.07%. These data from
patients with clinical diagnoses of esophagitis and BO
appear to be in agreement with our findings from patients
with histological confirmation of their diagnoses.

Only 4.5% of patients in our cohort had a subsequent
esophageal biopsy showing columnar epithelium,
suggesting that progression from esophagitis to BO
may be uncommon. However, it must be borne in
mind that there was no systematic recall of patients for
endoscopy, so the incidence of BO in the cohort may be
underestimated. Also, a systematic biopsy protocol was not
employed, so columnar epithelium may have been missed
in some patients, either in their initial biopsy or subsequent
biopsies.

The low incidence of OAC in our cohort suggests that
progression along a path from esophagitis to BO and to
OAC may not be the normal sequence of events. Rather,
an individual’s response to reflux of gastric contents may
result in either esophagitis or BO, with a future risk of
OAC being confined to those who develop BO. Cameron
and Arora” carried out a detailed study in which they
mapped areas of damage seen at endoscopy in patients
with esophagitis and in patients with BO. Their findings
suggest that BO is unlikely to develop directly from areas
of esophagitis, adding plausibility to the proposed pathway
in Figure 3.

The incidence of SCC within the cohort was almost
three times than that of the general population. There
is limited evidence in the literature supporting a link
between esophagitis and SCC. Munoz ¢ a/*" showed a
very high prevalence of esophagitis (84%) in people living
in the Linxian region of China, where there is a very high
incidence of esophageal SCC. However, the authors stated
that this esophagitis affected the middle and lower thirds

7 Increased risk of]
[ .
Barrett's esophagus adenocarcinoma

Reflux of gastric contents
into the esophagus

= Possible increased risk of
Reflux esophagitis |———| squamous cell carcinoma

Figure 3 Potential pathways of cancer causation in the esophagus.

of the esophagus as opposed to the distal esophagus; also,
it was not accompanied by erosions or ulcers, features
characteristic of esophagitis secondary to gastro-esophageal
reflux. These patients are very different from the cohort
that we had examined, particularly in terms of lifestyle
and nutritional status and gastro-esophageal reflux may
not be important in the etiology of esophagitis in China.
Ribet ez a/* found evidence of an association between
reflux symptoms and SCC in the patients who underwent
resection of esophageal cancers, but this was a small
study involving a highly selected group. Ye e ai”” found
a moderately raised risk of SCC in a Swedish cohort of
hospital patients with GERD. On the other hand, in a
large Swedish case-control study, Lagergren ez a/'” found
no association between symptoms of reflux and risk of
SCC of the esophagus.

Our finding of increased SCC risk in patients with
esophagitis could result from over-representation of
smokers within the cohort, since smoking is associated
with reflux symptoms”?”, However, this was unlikely
because the risk of lung cancer was not raised in the
cohort. It may also result from inclusion of patients with
suspicious lesions seen at endoscopy, which might include
dysplastic squamous epithelium; however, less than 1%
of patients had evidence of dysplasia, and none of these
developed SCC. Further research is required to examine
the association we have seen between esophagitis and SCC.

In summary, our study shows that esophagitis that is
not complicated by BO is not associated with an increased
risk of OAC. This finding supports the view that BO, not
esophagitis, is the key precursor of OAC. Further studies
are required to see if these findings can be replicated.
Determination of the relative importance of esophagitis in
esophageal cancer causation is important because this has
implications for the management of patients with gastro-
esophageal reflux and for the prevention of OAC.
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