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ABSTRACT

Background The causes of adenocarcinomas of
the esophagus and gastric cardia are poorly under-
stood. We conducted an epidemiologic investigation
of the possible association between gastroesophage-
al reflux and these tumors.

Methods We performed a nationwide, population-
based, case—control study in Sweden. Case ascer-
tainment was rapid, and all cases were classified
uniformly. Information on the subjects’ history of
gastroesophageal reflux was collected in personal in-
terviews. The odds ratios were calculated by logistic
regression, with multivariate adjustment for poten-
tially confounding variables.

Results Of the patients interviewed, the 189 with
esophageal adenocarcinoma and the 262 with ade-
nocarcinoma of the cardia constituted 85 percent of
the 529 patients in Sweden who were eligible for the
study during the period from 1995 through 1997. For
comparison, we interviewed 820 control subjects from
the general population and 167 patients with esoph-
ageal squamous-cell carcinoma. Among persons with
recurrent symptoms of reflux, as compared with per-
sons without such symptoms, the odds ratios were
7.7 (95 percent confidence interval, 5.3 to 11.4) for
esophageal adenocarcinoma and 2.0 (95 percent con-
fidence interval, 1.4 to 2.9) for adenocarcinoma of the
cardia. The more frequent, more severe, and longer-
lasting the symptoms of reflux, the greater the risk.
Among persons with long-standing and severe symp-
toms of reflux, the odds ratios were 43.5 (95 percent
confidence interval, 18.3 to 103.5) for esophageal ad-
enocarcinoma and 4.4 (95 percent confidence interval,
1.7 to 11.0) for adenocarcinoma of the cardia. The risk
of esophageal squamous-cell carcinoma was not as-
sociated with reflux (odds ratio, 1.1; 95 percent confi-
dence interval, 0.7 to 1.9).

Conclusions There is a strong and probably causal
relation between gastroesophageal reflux and esoph-
ageal adenocarcinoma. The relation between reflux
and adenocarcinoma of the gastric cardia is relatively
weak. (N Engl J Med 1999;340:825-31.)
©1999, Massachusetts Medical Society.

HE incidence of adenocarcinomas of the
esophagus and gastric cardia has risen rap-
idly in the United States and western Eu-
rope, including Sweden, in recent decades.}4
The increase has been more pronounced for adeno-
carcinoma of the esophagus than for adenocarcinoma
of the gastric cardia."> Only a few, moderately strong,
risk factors have been identified, and the reasons for
the rising incidence are unknown.¢
There are reasons to suspect that gastroesophageal
reflux plays an important part in the development of
esophageal adenocarcinoma. Chronic reflux is the
main cause of Barrett’s esophagus,” a columnar-cell
metaplasia that replaces the native squamous-cell ep-
ithelium of the esophageal mucosa.® The specialized
epithelium of Barrett’s esophagus has been linked to
a substantially increased risk of esophageal adeno-
carcinoma.8 Recent studies have shown that adeno-
carcinoma of the gastric cardia may arise in a similar
metaplasia adjacent to the squamocolumnar border.?
There is a paucity of epidemiologic data on the as-
sociation between gastroesophageal reflux and the
risk of adenocarcinoma of the esophagus or gastric
cardia. A previous study based on the medical records
of 196 patients with adenocarcinoma of the esopha-
gus or cardia (mainly the latter) and 196 controls
found an odds ratio of 2.1 (95 percent confidence
interval, 1.2 to 3.6) for adenocarcinoma among pa-
tients whose records indicated that they had reflux
disease.19 It is uncertain, however, how well medical
records capture the occurrence of reflux.
We conducted a large-scale case—control study to
identify risk factors for adenocarcinomas of the esoph-
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agus and gastric cardia. The aim of this investigation
was to estimate the magnitude of the contribution of
symptoms of reflux to the risk of these cancers.

METHODS
Study Design

The study encompassed the whole population of Sweden young-
er than 80 years, born in Sweden, and living there during the pe-
riod from December 1, 1994, through December 31, 1997. All
newly diagnosed cases of adenocarcinoma of the esophagus or gas-
tric cardia and half the newly diagnosed cases of esophageal squa-
mous-cell carcinoma (those in patients born on even-numbered
days) were eligible. A comprehensive organization for the rapid
ascertainment of cases, involving contact persons at all 195 depart-
ments of general surgery, thoracic surgery, otorhinolaryngology,
oncology, and pathology in Sweden, as well as continuous collab-
oration with the six regional tumor registries, ensured that every
potential case patient throughout the country was identified soon
after diagnosis. The control subjects were selected randomly from
among the persons matched for age (within 10 years) and sex in
the entire Swedish population, through the use of the population
register, which is computerized and is updated continuously. The
numbers of controls selected in each stratum defined by sex and
age group were adjusted to approximate the age and sex distribu-
tion among the patients with esophageal adenocarcinoma.

Classification of Cases

To reduce misclassification of the tumor site or histologic type,
uniform routines for the documentation of the tumors were in-
troduced at all participating sites. All patients were examined en-
doscopically. The distances between the gastroesophageal junction
(defined as the point where the proximal longitudinal mucosal
folds begin in the stomach) and the upper and lower borders of
the tumor were measured. It was usually possible to pass the endo-
scope beyond obstructing tumors after dilatation, but in 22 pa-
tients in which this was impossible or the gastroesophageal junction
could not be identified, the borders of the tumor were measured
as distances to the incisor teeth, and endoscopy was supplement-
ed with radiologic imaging. Serial biopsy specimens were ob-
tained every 2 cm from the proximal stomach, the gastroesoph-
ageal junction, and the esophagus until normal squamous-cell
epithelium was reached. Additional specimens were obtained
proximal, distal, and lateral to the tumor. Surgeons and patholo-
gists gave standardized, detailed descriptions of the location of
the cancer in the 424 patients in whom resection was performed.
Biopsy samples, surgical specimens, or both from 97 percent of
the patients were reviewed by a single pathologist. Ambiguous
cases were classified by a panel of investigators, who used all in-
formation available. For a case to be classified as a cancer of the
gastric cardia, the tumor had to have its center within 2 cm prox-
imal, or 3 cm distal, to the gastroesophageal junction. Barrett’s
esophagus was defined as columnar-cell metaplasia of the special-
ized type, with goblet cells and villiform surface configuration of
the mucosa resembling the features of the intestines. Five patients
with junctional or fundus metaplasia recorded more than 3 cm
proximal to the gastroesophageal junction were also classified as
having Barrett’s esophagus. In seven patients in whom Barrett’s
esophagus was detected adjacent to an adenocarcinoma located in
the gastric cardia, the tumors were classified as esophageal. Squa-
mous-cell carcinomas were classified as esophageal even if the lo-
cation was the gastric cardia.

Data on Symptoms of Reflux

All patients and controls underwent computer-aided personal
interviews conducted by specially trained professional interviewers
from Statistics Sweden (a government agency), mostly within a few
weeks after diagnosis. We were unable to blind the interviewers to
the case or control status of the subjects, but they were unaware
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of the study hypotheses and were trained to treat the case patients
and controls strictly the same. The total number of questions varied
between 169 and 553, depending on the number of “question
loops” entered (some questions could be skipped if a respondent
answered “no” to an earlier question), and the average length of
the interview was 80 minutes (range, 50 to 180). Questions were
asked about recurrent heartburn and regurgitation, which are the
cardinal symptoms of gastroesophageal reflux.!! To avoid reverse
causality — that is, to avoid collecting data on reflux caused by
adenocarcinoma — we disregarded symptoms that had occurred
less than five years before the interview. Information was collected
about several potential confounding factors. In multivariate analy-
ses, we adjusted for age (in five-year groups), sex, body-mass index
(in quartiles), tobacco smoking (assessed as of two years before
the interview and with the respondents classified as nonsmokers,
former smokers, or current smokers), alcohol ingestion (total
amount of all types of alcoholic beverages consumed, with the re-
spondents categorized in four groups), socioeconomic status
(reflected by the number of years of formal education, with the re-
spondents categorized in three groups), dietary intake of fruit and
vegetables (three groups), energy intake (estimated by the amounts
of seven kinds of dishes eaten at each meal with the respondents
categorized in three groups), whether the respondent worked in
a stooped posture (hours per week, in three categories), physical
activity at work (three categories), and extent of physical activities
during leisure time (four categories).

Informed consent, both written and oral, was obtained from
cach subject before the interview, and the study was approved by
all regional ethics committees in Sweden.

Statistical Analysis

Logistic regression was used in both univariate and multivariate
modeling. Model parameters were estimated by the maximum-
likelihood method.!2 From these estimates, odds ratios with 95
percent confidence intervals were computed. In multivariate mod-
eling, adjustments were made for the 11 potential confounders.
We also performed an analysis showing the association between
gastroesophageal reflux and the risk of cancer after the successive
inclusion of potentially confounding variables. Furthermore, we
analyzed the relation between reflux and its potential predictors
by means of logistic regression.

RESULTS

Altogether, 618 patients with cancer of the esoph-
agus or gastric cardia and 820 control subjects were
interviewed. The participation rates, characteristics of
the respondents, and reasons for nonparticipation are
shown in Table 1. The 451 cases of adenocarcinoma
of the esophagus or gastric cardia together consti-
tuted 85 percent of all eligible cases of adenocarci-
noma in Sweden during the study period. The partic-
ipation rate among both controls and patients with
esophageal squamous-cell carcinoma was 73 percent.

Esophageal Adenocarcinoma

The risk of esophageal adenocarcinoma was almost
eight times as high among persons in whom heart-
burn, regurgitation, or both occurred at least once
a week as among persons without these symptoms
(Table 2). Symptoms of reflux at night were associ-
ated with a risk nearly 11 times as high. The estimates
changed marginally as suspected confounders were
added successively to the model (Table 3). The fre-
quency of symptoms of reflux was strongly linked to
the risk: the more frequent the symptoms, the higher
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TABLE 1. CHARACTERISTICS OF THE SUBJECTS INTERVIEWED.*

MEDIAN MaLe
SUBJECTS INTERVIEWED PARTICIPANTS AGE SEX
no. enrolled/
no. eligible (%) yr
Patients with cancer
Esophageal adenocarcinoma  189,/216 (88) 69 165 (87)
Adenocarcinoma of gastric ~ 262/313 (84) 66 223 (85)
cardia
Esophageal squamous-cell 167/228 (73) 67 120 (72)
carcinoma
Control subjects 820,/1128 (73) 68 679 (83)

CURRENT OR HigH Low
FORMER ALcoHoL EDUCATIONAL
SmokiNgT  ConsumPpTIONF LEVELS ReAsON FOR NONPARTICIPATION
PHYSICAL OR MENTAL
UNWILLING-  IMPEDIMENTS OR
NESS EARLY DEATH
number (percent) no. (% of eligible subjects)
132 (70) 43 (23) 48 (25) 2 (1) 25 (12)
219 (84) 76 (29) 43 (106) 10 (3) 41 (13)
145 (87) 78 (47) 41 (25) 11 (5) 50 (22)
495 (60) 178 (22) 182 (22) 210 (19)1 70 (6)

*Because of rounding, percentages may not total 100.

1This category included smoking of cigarettes, cigars, and pipes and was assessed as of two years before the interview.

1High alcohol consumption was defined as consumption of more than 70 g of alcohol per week.

§Low educational level was defined as less than seven years of formal education.

YA further 28 control subjects (2 percent) could not be reached by mail or telephone.

TABLE 2. SYMPTOMS OF REFLUX FIVE YEARS OR MORE BEFORE THE INTERVIEW AND THE RISK OF ESOPHAGEAL ADENOCARCINOMA,
ADENOCARCINOMA OF THE GASTRIC CARDIA, AND ESOPHAGEAL SQUAMOUS-CELL CARCINOMA.*

CoNTROLS ESOPHAGEAL ADENOCARCINOMA ESOPHAGEAL SQUAMOUS-
SymPTOMS OF REFLUX (N=820) ADENOCARCINOMA OF GASTRIC CARDIA CELL CARCINOMA
ADJUSTED ADJUSTED ADJUSTED
PATIENTS ODDS RATIO PATIENTS ODDS RATIO PATIENTS ODDS RATIO
(N=189) (95% CI) (N=262) (95% CI) (N=167) (95% CI)
no. (%) no. (%) no. (%)
Heartburn, regurgitation, or both
at least once a week
No 685 (84) 76 (40) 1.0 187 (71) 1.0 142 (85) 1.0
Yes 135 (16) 113 (60) 7.7 (5.3-11.4) 75(29) 2.0(14-2.9) 25 (15) 1.1 (0.7-1.9)
Heartburn, regurgitation, or both
at night at least once a week
No 754 (92) 88 (47) 1.0 217 (83) 1.0 157 (94) 1.0
Yes 66 (8) 101 (53) 10.8 (7.0-16.7) 45 (17) 2.4 (1.5-3.8) 10 (6) 0.9 (0.4-2.0)

*In the multivariate logistic-regression model, adjustments were made for age, sex, socioeconomic status, body-mass index, tobacco smoking, alcohol
use, intake of fruit and vegetables, energy intake, work in a stooped posture, physical activity at work, and physical activity during leisure time. Subjects
without symptoms served as the reference group. CI denotes confidence interval.

the risk (Table 4). To evaluate further the effect of the
severity of the symptoms, the symptoms were graded
with scores for heartburn only (1 point), regurgita-
tion only (1), heartburn and regurgitation combined
(1.5), nightly symptoms (yes=2 and no=0), and fre-
quency of symptoms (once a week=0, 2 to 6 times
aweek=1, 7 to 15 times a week=2, and more than
15 times a week=3). Persons with a score of 4.5 or
higher had a risk of esophageal adenocarcinoma 20
times as high as did those without symptoms of
reflux (Table 4). The risk of esophageal adenocar-
cinoma also increased with an increasing duration of
symptoms. Among persons with both long-standing

symptoms (duration, more than 20 years) and severe
symptoms (reflux-symptom score, 4.5 or higher), the
adjusted odds ratio for esophageal adenocarcinoma
was 43.5 (95 percent confidence interval, 18.3 to
103.5), as compared with asymptomatic persons.
Stratified analyses revealed no important variation in
relative risk among age groups.

In 118 (62 percent) of the 189 patients with esoph-
ageal adenocarcinoma, Barrett’s esophagus was de-
tected. The strength of the association with symptoms
of reflux was virtually identical for patients with esoph-
ageal adenocarcinomas who had Barrett’s esophagus
and those who did not (data not shown). We com-
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TABLE 3. ASSOCIATION OF SYMPTOMS OF REFLUX WITH DISEASE AFTER THE SUCCESSIVE
INCLUSION OF POTENTIAL CONFOUNDING VARIABLES IN THE MULTIVARIATE ANALYSIS.*

CONFOUNDING VARIABLE

Unadjusted

Age

Sex

Body-mass index

Tobacco smoking

Alcohol use

Educational level

Energy intake

Intake of fruit and vegetables
Work in a stooped posture
Physical activity at work

Physical activity during leisure time

ESOPHAGEAL

ADENOCARCINOMA

GASTRIC CARDIA
ADENOCARCINOMA

ESOPHAGEAL
Sauamous-CELL
CARCINOMA

odds ratio (95% confidence interval)

7.5 (5.4-10.6)
7.6 (5.3-10.7)
7.5 (5.3-10.6)
7.1 (49-10.2)
7.1 (4.9-10.2)
7.6 (5.2-11.0)
7.6 (5.2-11.0)
7.6 (5.2-11.1)
7.6 (5.2-11.1)
7.6 (5.2-11.1)
7.8 (5.3-11.4)
7.7 (5.3-11.4)

2.0 (1.5-2.8)
2.0 (1.4-2.8)
2.0 (1.4-2.8)
1.9 (1.4-27)
2.0 (1.4-2.7)
2.0 (1.4-2.8)
2.0 (1.4-2.8)
2.0 (1.4-2.8)
2.0 (1.4-2.8)
2.0 (1.4-2.8)
2.0 (1.4-2.9)
2.0 (1.4-2.9)

0.9 (0.6-1.4)
0.9 (0.6-1.5)
1.0 (0.6-1.6)
1.0 (0.6-1.6)
1.1 (0.7-1.8)
1.2 (0.7-2.1)
1.2 (0.7-2.0)
1.2 (0.7-2.0)
1.2 (0.7-2.0)
1.2 (0.7-2.0)
1.1(0.7-1.9)
1.2 (0.7-2.0)

*The odds ratios in each row have been adjusted for the variable noted in that row and all other
variables listed above that row. Thus, the last row shows the odds ratios from the full multivariate

model with 11 potential confounders included.

TABLE 4. FREQUENCY, SEVERITY, AND DURATION OF SYMPTOMS OF REFLUX FIVE YEARS OR MORE BEFORE THE INTERVIEW.*

VARIABLE

Frequency of reflux symptoms

CONTROLS

(N=820)

No symptoms 685 (84)
1 time per week 95 (12)
2 to 3 times per week 16 (2)
>3 times per week 24 (3)
Reflux-symptom scoret
No symptoms 685 (84)
1-2 points 58 (7)
2.5-4 points 43 (5)
4.5-6.5 points 34 (4)
Duration of reflux symptoms
No symptoms 685 (84)
<12 yr 41 (5)
12-20 yr 67 (8)
>20 yr 27 (3)

no. (%)

ESOPHAGEAL

ADENOCARCINOMA

PATIENTS
(N=189)

76 (40)
37 (20)
35 (19)
41 (22)

76 (40)
10 (5)

39 (21)
64 (34)

76 (40)
31 (16)
42 (22)
40 (21)

ADJUSTED
ODDS RATIO
(95% CI)

1.0
5.1 (2.8-9.4)
6.3 (3.8-10.3)
16.7 (8.7-28.3)
1.0
1.4 (0.7-3.0)
8.1 (4.7-16.1)
20.0 (11.6-34.6)

1.0
7.5 (4.2-13.5)
5.2 (3.1-8.6)

16.4 (8.3-28.4)

ADENOCARCINOMA
oF GAsTRIC CARDIA
ADJUSTED
PATIENTS ODDS RATIO
(N=262) (95% CI)
no. (%)
187 (71) 1.0
30 (11) 2.0 (1.1-3.6)
27 (10) 1.9 (1.2-3.1)
18 (7) 2.3 (1.2-4.3)
187 (71) 1.0
27 (10) 1.7 (1.0-2.9)
21 (8) 1.8 (1.0-3.2)
27 (10) 2.8 (1.6-5.0)
187 (71) 1.0
19 (7) 1.6 (0.9-2.9)
34 (13) 1.8 (1.1-2.9)
22 (8) 3.3 (1.8-6.3)

ESOPHAGEAL SQUAMOUS-
CELL CARCINOMA

PATIENTS
(N=167)

no. (%)

ADJUSTED
ODDS RATIO
(95% CI)

*Because of rounding, percentages may not total 100. In the multivariate logistic-regression model, adjustments were made for age, sex, socioeconomic
status, body-mass index, tobacco smoking, alcohol use, intake of fruit and vegetables, energy intake, work in a stooped posture, physical activity at work,
and physical activity during leisure time. Subjects with no symptoms served as the reference group. CI denotes confidence interval.

tThe index score included characteristics of symptoms (heartburn only=1 point, regurgitation only=1 point, heartburn and regurgitation combined=1.5
points), nightly symptoms (no=0 points, yes=2 points), and frequency of symptoms (once a week=0 points, 2—6 times a week=1 point, 7-15 times a
week=2 points, >15 times a week=3 points).
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pared the risk of esophageal adenocarcinoma among
persons who used medication for symptoms of re-
flux at least five years before the interview with that
among symptomatic persons who did not use such
medication. The odds ratio was 3.0 (95 percent con-
fidence interval, 2.0 to 4.6) without adjustment for
the severity of symptoms and 2.9 (95 percent confi-
dence interval, 1.9 to 4.6) with this adjustment.
Among the 14 patients with esophageal adenocarci-
noma and the 6 control subjects who had been sur-
gically treated for reflux, the risk estimates were sim-
ilar to those for the total group of patients with
symptoms of reflux (data not shown).

Adenocarcinoma of the Gastric Cardia

Reflux symptoms were associated with the risk of
adenocarcinoma of the gastric cardia, but not as
strongly as with the risk of esophageal adenocarcino-
ma (Table 2). The risk among persons with symp-
toms of reflux was approximately two times as high
as among those without such symptoms. We found
no indication of confounding by the factors we eval-
uated (Table 3). The risk estimates increased with
increases in the frequency of symptoms, the symp-
tom score, and the duration of symptoms, but not
as markedly as for esophageal adenocarcinoma. Only
among persons with symptoms that were most se-
vere or of the longest duration did the odds ratios
approach 3 (Table 4). Persons who reported both
long-standing and severe reflux symptoms had an
adjusted odds ratio of 4.4 (95 percent confidence in-
terval, 1.7 to 11.0). The relative risk was similar in
all age groups.

Esophageal Squamous-Cell Carcinoma

Esophageal squamous-cell carcinoma was not asso-
ciated with symptoms of reflux (Table 2), irrespective
of the frequency, severity, or duration of the symp-
toms (Table 4). The odds ratio was 1.1 (95 percent
confidence interval, 0.7 to 1.9) for persons with symp-
toms of reflux at least once a week, as compared with
persons who had no such symptoms (Table 2).

Predictors of Gastroesophageal Reflux

The associations of age, sex, body-mass index, to-
bacco smoking, and alcohol use with symptoms of
reflux are presented in Table 5. None of these factors
were strongly associated with the presence of symp-
toms. We also analyzed the effects of the remaining
suspected confounding factors but found no impor-
tant associations with reflux (data not shown). The
results were similar when we restricted the analysis
to the control subjects (data not shown).

DISCUSSION

Our main finding is the strong association between
symptoms of gastroesophageal reflux and the risk of
esophageal adenocarcinoma, regardless of the pres-

TABLE 5. ASSOCIATION BETWEEN POTENTIAL
PREDICTORS OF REFLUX AND THE OCCURRENCE
OF SYMPTOMS.*

Obps RaTIO

VARIABLE (95% ClI)
Age (yr)

<55t 1.0

55-59 0.8 (0.5-1.4)

60-64 0.6 (0.4-1.0)

65-69 0.9 (0.5-1.4)

70-74 1.1 (0.7-1.7)

75-79 0.7 (0.4-1.2)
Sex

Malet 1.0

Female 0.7 (0.5-1.1)

Body-mass index (quartile)t
First (<22.3)t 1.0
Second (22.3-23.9) 1.1 (0.7-1.7)
Third (24.0-25.5) 1.4 (1.0-2.2)
Fourth (>25.5) 1.3 (0.9-1.9)
Smoking status
Nonsmokerf 1.0

Former smoker 1.0 (0.7-1.4)

Current smoker 0.8 (0.5-1.1)
Alcohol use (g of alcohol per week)

ot 1.0

1-15 1.5 (0.9-2.3)

16-70 1.6 (1.0-2.5)

>70 14 (0.9-2.3)

*The results were obtained from a logistic-regression model
in which the occurrence of reflux was the dependent variable
and the covariates shown in Table 3 and dummy variables
representing the case and control groups were the explanatory
variables. Results for a selection of possible predictors of re-
flux are shown. CI denotes confidence interval.

tSubjects with this characteristic served as the reference
group.

1The body-mass index was defined as the weight in kilo-
grams divided by the square of the height in meters.

ence of Barrett’s esophagus. An association, although
weaker, was also found for adenocarcinoma of the car-
dia, but not for esophageal squamous-cell carcinoma.

The strengths of the study include the popula-
tion-based design, the uniform classification of tu-
mors, and the complete and rapid case ascertainment,
which enabled us to conduct personal interviews with
all subjects. To avoid the problem of reverse causal-
ity, we restricted our analysis to symptoms that had
begun at least five years before the interview. Pa-
tients with an esophageal tumor may be more in-
clined to remember previous esophageal symptoms
(including reflux) than are other subjects. But be-
cause the patients were unaware of the histologic sub-
type of their tumors and of the possible differences
in the pattern of risk among the subtypes, the effects
of any recall bias should be similar for squamous-cell
carcinoma and adenocarcinoma. For this reason, the
totally negative finding with regard to squamous-cell
carcinoma should allay concern about recall bias.
Moreover, the clear dose—response relation points to
a biologic effect rather than to bias.
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We adjusted for tobacco smoking, body-mass in-
dex,!315 and other possible confounders. None of
them had a serious influence on the risk estimates.
The effect of gastroesophageal reflux on the risk of
esophageal adenocarcinoma thus appears to be inde-
pendent of other variables. Moreover, associations of
the magnitude found here are not plausibly explained
by confounding. A nonparticipation rate of 27 per-
cent among controls could have introduced bias.
However, nonparticipation by patients and controls
is unlikely to be linked to reflux.

Symptoms of reflux are considered to be fairly ac-
curate, but not perfect, indicators of gastroesoph-
ageal reflux disease.!:1¢1 The misclassification should
be random, hence leading to underestimation rather
than exaggeration of the association with the risk of
cancer.2?

Some misclassification of tumors according to site
was unavoidable in some cases as a result of anatomy
that had become deranged by the tumor. To evalu-
ate the contribution of misclassification to the mod-
erate association we found between reflux and risk
of adenocarcinoma of the gastric cardia, we reana-
lyzed our data after applying more conservative cri-
teria for cancer near the gastroesophageal junction
(69 tumors were located within 10 mm of the gas-
troesophageal junction in endoscopic, surgical, and
histopathologic measures). The point estimates were
unchanged, indicating the robustness of our find-
ings. The differential association with the symptoms
of reflux implies that adenocarcinomas of the esoph-
agus and of the gastric cardia are different diseases,
contrary to recent suggestions.!®

Multiple comparisons involving three groups of
patients and one control group inflated the risk of a
type I error. However, the strength and consistency
of the observed association and the clear dose de-
pendency make an effect of chance unlikely.

As compared with the only previous epidemiologic
study of gastroesophageal reflux and esophageal ad-
enocarcinoma or adenocarcinoma of the gastric car-
dia,!® we found a considerably stronger association.
Our more extensive data on symptoms of reflux and
our ability to distinguish accurately between adeno-
carcinomas of the esophagus and those of the gastric
cardia may explain the discrepancy.

Barrett’s esophagus appears to be a common, but
not necessary, step in the evolution of esophageal ad-
enocarcinoma.2! Most such tumors arise in Barrett’s
metaplasia,?? a finding confirmed in our study. The
risk of adenocarcinoma among patients with Barrett’s
esophagus has been estimated to be 30 to 60 times
that in the general population.2326 Because the risk
among subjects in our study with the most severe
and long-standing symptoms of reflux was of the same
magnitude, and because the association was equally
strong among patients with esophageal adenocarci-
noma with Barrett’s esophagus and those without it,
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we hypothesize that gastroesophageal reflux, rather
than Barrett’s esophagus, may be the crucial factor.
Admittedly, the prevalence of Barrett’s esophagus may
have been underestimated as a result of tumor over-
growth or sampling error. However, in view of our
systematic efforts to identify this condition, it is re-
markable that there was no important difference in
the strength of the association between patients who
had Barrett’s esophagus and those who did not.

The mechanisms by which gastroesophageal reflux
could cause cancer in the absence of Barrett’s esoph-
agus are unclear. The submucosal glands or ectopic
gastric epithelium may constitute the starting point.
Chronic irritation and inflammation are carcinogenic
in several tissues,?”28 and animal studies have impli-
cated reflux of bile as a key factor in esophageal car-
cinogenesis. 2930

We found no indication that treatment of reflux
reduced the risk of esophageal cancer. In fact, patients
who received medical treatment had a higher risk
than those who did not. Although we adjusted our
data for the severity of symptoms, residual confound-
ing by the severity of reflux may have affected our
estimates. Moreover, the subjects in our survey had
almost invariably received sporadic short-term courses
of medical treatment. The effect of long-term treat-
ment is unknown. It seems implausible that medical
treatment itself increases the risk of esophageal cancer,
but patients with symptoms of reflux were some-
times treated with anticholinergic drugs, which pro-
mote gastroesophageal reflux. The analysis of the risk
of esophageal adenocarcinoma among surgically treat-
ed patients was hampered by small numbers, but no
dramatic protective effect was found.

The possible clinical implications to be drawn from
our data include the advisability of prophylactic treat-
ment and endoscopic surveillance of patients with
symptomatic reflux. Medical or surgical treatment
does not seem to prevent cancer in patients with
overt Barrett’s esophagus, but therapy may be effec-
tive if administered before the development of irre-
versible precancerous changes. Our data do not,
however, support this supposition. Furthermore, the
advent of increasingly potent inhibitors of acid pro-
duction in the past 20 years does not seem to have
affected the rising incidence of esophageal adenocar-
cinoma. For this reason, pleas for more active treat-
ment to prevent esophageal adenocarcinoma are based
on speculation only.

The possible benefits of endoscopic surveillance
should exceed the costs and inconvenience for pa-
tients and health care systems. In view of the relatively
high number of esophageal adenocarcinomas detect-
ed early?32631-33 and the advantage in survival asso-
ciated with an early diagnosis,* many clinicians con-
sider endoscopic surveillance to be justified in patients
with Barrett’s esophagus.3%36 Reflux without Barrett’s
esophagus, however, is much more common. Symp-

Downloaded from www.nejm.org on November 11, 2009 . For personal use only. No other uses without permission.
Copyright © 1999 Massachusetts Medical Society. All rights reserved.



SYMPTOMATIC GASTROESOPHAGEAL REFLUX AS A RISK FACTOR FOR ESOPHAGEAL ADENOCARCINOMA

toms severe enough to be associated with a risk of
esophageal adenocarcinoma eight times as high as
normal were reported by 9 percent of our control sub-
jects. If endoscopic surveillance were restricted to men
older than 40 who had symptoms of reflux that were
so severe as to entail a risk 20 times as high as nor-
mal, a Swedish physician would need to follow more
than 1400 such patients for one year to encounter a
single case of esophageal adenocarcinoma; such a
policy would surely overtax the available health care
resources. Until the group at a sufficiently high risk
to justify endoscopic surveillance is better delineated,
it seems unwise to make dramatic changes in current
practice.

There are no firm data to substantiate the idea
that gastroesophageal reflux is becoming more com-
mon. Hence, the role of reflux as a cause of the rapid
increase in the incidence of adenocarcinoma of the
esophagus and cardia is uncertain.

In conclusion, our study identified symptomatic
reflux as a strong risk factor for esophageal adeno-
carcinoma and a relatively weak risk factor for ade-
nocarcinoma of the gastric cardia. The strength of
the association, the dose dependency, and the bio-
logic plausibility suggest causality. The proportion
of cases of esophageal adenocarcinoma in the popu-
lation that are attributable to reflux (the etiologic frac-
tion3”) was estimated to be 53 percent in our study,
and among the persons who had symptoms of reflux
this proportion2® was 87 percent. It is uncertain
whether the risk can be reduced by medical or sur-
gical means, and the need for endoscopic surveil-
lance is debatable. Moreover, it may be necessary to
reappraise the critical role of Barrett’s esophagus in
the carcinogenic pathway.
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