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This article has an accompanying continuing medical education activity on page e22. Learning Objective: Upon
completion of this assessment, successful learners will be able to understand the epidemiological evidence supporting
the association between NSAID use and esophageal adenocarcinoma.

BACKGROUND & AIMS: Regular use of aspirin and other
nonsteroidal anti-inflammatory drugs (NSAIDs) has been
reported to reduce risks of esophageal adenocarcinoma
(EAC) and esophagogastric junctional adenocarcinoma
(EGJA). However, individual studies have been too small to
accurately assess the effects of medication type, frequency, or
duration of use. We performed a pooled analysis to investi-
gate these associations. METHODS: We performed a
pooled analysis of 6 population-based studies within the
Barrett’s and Esophageal Adenocarcinoma Consortium to
evaluate the association between NSAID use and the risk of
EAC and EGJA, using uniform exposure definitions. We
collected information from 6 studies (S case-control and 1
cohort), with a total of 1226 EAC and 1140 EGJA cases, on
aspirin and/or NSAID use. Study-specific odds ratios (ORs)
and 95% confidence intervals (CIs) were estimated using
multivariate adjusted logistic regression models and then
pooled using a random effects meta-analysis model. RE-
SULTS: Compared with nonusers, individuals who have
used NSAIDs had a statistically significant reduced risk of
EAC (OR, 0.68; 95% CI, 0.56-0.83); they also appeared to
have a reduced risk of EGJA (OR, 0.83; 95% CI, 0.66-1.03).
Similar reductions in risk were observed among individuals
who took aspirin or nonaspirin NSAIDs. The highest levels
of frequency (daily or more frequently) and duration (=10
years) of NSAID use were associated with an approximately
40% reduction in risk of EAC, with ORs of 0.56 (95% CI,
0.43-0.73; Pyeng < -001) and 0.63 (95% CI, 0.45-0.90; Pyeng =
.04), respectively. CONCLUSIONS: Although reverse cau-
sation could, in part, explain the inverse association
observed between NSAID use and EAC risk, our pooled
analysis suggests a possible role for NSAIDs in preven-

tion of adenocarcinomas of the esophagus and esopha-
gogastric junction.

Keywords: BEACON; Esophageal Neoplasm; Stomach Can-
cer; Anti-Inflammatory Agent.

he incidence of esophageal adenocarcinoma (EAC)

has increased considerably in many Western coun-
tries over the past 3 decades.’? The disease continues to
have a very low survival rate.> Esophagogastric junctional
adenocarcinomas (EGJAs) are a heterogeneous group of
adenocarcinomas that reside within the gastric cardia
and/or the gastroesophageal junction. Similar to EAC,
upward trends of EGJA have been reported in Western
countries in recent years.*

Inflammation, caused by factors such as gastroesopha-
geal reflux, is believed to cause EGJA and EAC, suggesting
a plausible preventative role for anti-inflammatory agents.
A primary preventive mechanism for nonsteroidal anti-
inflammatory drugs (NSAIDs) is believed to be the inhi-
bition of cyclooxygenase (COX)-2 production, an enzyme
that is an important mediator of inflaimmation.®” Ele-
vated COX-2 expression has been observed in Barrett’s
esophagus, a precursor lesion of EAC, with expression

Abbreviations used in this paper: BEACON, Barrett’s Esophagus and
Esophageal Adenocarcinoma Consortium; BMI, body mass index; ClI,
confidence interval; COX, cyclooxygenase; EAC, esophageal adenocar-
cinoma; EGJA, esophagogastric junctional adenocarcinoma; NIH, Na-
tional Institutes of Health; OR, odds ratio.
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case subjects (n = 75, EAC; n = 96, EGJA) among the studies
with available information on NSAIDs. The 6 studies contrib-
uted data on a total of 1226 EAC cases, 1140 EGJA cases, and
5314 controls.

Exposure Variables

For this analysis, the main exposures of interest were the
use of aspirin, nonaspirin NSAIDs, and all NSAIDs (aspirin and
nonaspirin NSAIDs combined). The questionnaires from each
study were reviewed, and all questions that assessed the use of
individual NSAIDs—aspirin and other nonaspirin NSAIDs—and
overall NSAIDs were extracted. Questions from each study were
asked in various formats (both open-ended and predefined re-
sponses) and ranged from a simple yes/no question to more
detailed questions regarding the frequency and duration of use
of specific drugs (Appendix 1). Data were then formatted to
create a uniform exposure suitable for pooling and estimating
effects of each exposure. Category cut points for both frequency
and duration were chosen based on the literature and after
evaluating how each study categorized these variables in their
original data. Each exposure was evaluated and categorized as
follows: ever (subdivided into current and former, when possi-
ble) versus nonuse, frequency of use (nonuse, 0.1 to <1/wk, =1
to <7/wk, =7/wk), and duration of use (nonuse, 0.1 to <S5 years,
=5 to <10 years, =10 years). Participants categorized as having
nonuse were those who indicated “no” or “never” to any ques-
tions regarding their NSAID use (Appendix 1). Current use was
defined as individuals who continued to take the drugs as of the
interview date or indicated that the age or calendar year that
they stopped taking the drugs was within 1 year of the interview
date. If the number of cases in a category was too small in the
pooled data set, the category was collapsed together with a
neighboring category. Overall NSAID frequency and duration
were calculated by combining information from both aspirin
and nonaspirin NSAID use when available. If the questionnaire
did not differentiate between the 2 types of NSAIDs and only
asked questions on overall NSAID use, these values were then
used for estimates of overall NSAID frequency and duration. For
duration of overall NSAID use, we summed years of aspirin use
and nonaspirin NSAID use. For frequency of overall NSAID use,
we calculated a combined frequency that was weighted by the
duration of aspirin use and nonaspirin NSAID use (NSAIDg,.q =
[(Aspringeq X Aspringurson) + (Nonaspirin NSAIDg.q X Nonas-
Pirin NSAIDduration)] / [Aspirinduration + NOHaSPirin NSAIDduration])~
If information on frequency was recorded in categories, we
assigned the median of each previously defined category as the
value for that specific category. Actual amount or dosage for
NSAID use was not available from any of the study question-
naires.

A major advantage of having access to the individual patient
data from each study is that similar study-specific analytic mod-
els can be built, thus increasing the validity of their combination
using a meta-analytic model. Additional variables that were
acquired from each study and considered as covariates for this
analysis included age, sex, body mass index (BMI), gastroesoph-
ageal reflux status (ever vs no), education, smoking exposure
(pack-years), alcohol intake (drinks per day), and study center.
Age was defined as age at diagnosis for cases, age at interview for
controls from case-control studies, and age at baseline for par-
ticipants from cohort studies. BMI was calculated by dividing
weight (kg) by the square of height (m). Gastroesophageal reflux
status was missing in 2 studies.?>3* A study-specific education
variable was used in analyses because a different method of
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categorization was used in each study. Smoking exposure was
characterized by pack-years of tobacco exposure (number of
cigarettes smoked per day X number of years smoked/20) and
has been previously described.3? Alcohol intake was measured as
the average frequency of alcohol consumption.3¢

Statistical Analysis

The analyses were conducted in 2 stages. We first used
unconditional logistic regression to calculate study-specific esti-
mates of odds ratios (ORs) and 95% confidence intervals (95%
CIs), adjusted for age (categorical: <50, 50-59, 60-69, =70
years), sex, BMI (categorical: <25, 25-29.9, =30 kg/m?), gastro-
esophageal reflux (ever vs no, where available), education (study
specific), smoking exposure (categorical: 0, <15, 15-29, 30-44,
=45 pack-years), alcohol intake (categorical: 0, 1-1.9, 2-2.9, =3
drinks per day), and study center (applicable for multicenter
studies only). Additional adjustment for antacid use (yes vs no)
had minimal effect on the study-specific and pooled summary
estimates, so it was not included in the final model. In all
analyses of aspirin and nonaspirin NSAID use, mutual adjust-
ment for any use of the other type of NSAID was included in
each respective model. This allowed us to observe an effect that
accounts for any contribution from the other type of NSAID.
Tests for trends were calculated by modeling exposures as ordi-
nal variables in multivariate models. In the second stage, we
performed a pooled analysis combining study-specific ORs using
a random-effects meta-analytic model to calculate a summary
OR. Each summary OR represents data from only the specific
studies that contributed to that exposure category; thus, a study
would be excluded from an analysis if it did not generate a stable
OR.

Evaluation of Heterogeneity and Effect
Modification

The amount of total variation among studies due to
heterogeneity was assessed using the I? statistic.3” Larger I?
values could reflect greater heterogeneity between the study-
specific estimates beyond what is attributable to chance. We
evaluated for potential sources of heterogeneity using stratified
analyses by levels of exposure, gastroesophageal reflux symp-
toms, method of evaluating exposure (ie, type of question), and
levels of potential confounders. To evaluate whether other vari-
ables modified the effect of NSAID use on cancer risk, we
conducted analyses stratified by BMI (<25 kg/m?, =25 kg/m?),
smoking status (never vs ever), sex, gastroesophageal reflux, age
(<60 years, =60 years), and education (high school or less, more
than high school). All analyses were performed using Stata
software version 10.0 (StataCorp LP, College Station, TX).

Results

The included studies are described in Table 1. The
mean age of EAC cases, EGJA cases, and controls was 63.7,
63.1, and 61.7 years, respectively. A large majority of cases
(EAC, 88.4%; EGJA, 85.8%) and controls (68.1%) were
male. The overall prevalence of ever NSAID use among
controls was 69%, which varied between studies from 37%
to 87%. Overall, the proportion of persons reporting ever
using NSAIDs was 56.6% among EAC cases and 59.6%
among EGJA cases compared with 68.6% among controls.



March 2012

Overall NSAID Use

Compared with nonuse, ever use of any NSAID
was statistically significantly associated with a reduced
risk of EAC (OR, 0.68; 95% CI, 0.56-0.83; Table 2 and
Supplementary Figure 1. Ever use of NSAIDs was in-
versely, but not statistically significantly, associated with
risk of EGJA. Furthermore, these associations appeared to
be restricted to current users of NSAIDs. Decreasing risk
of EAC was observed with increasing frequency of overall
NSAID use (Supplementary Figure 2). Occasional use of
NSAIDs was associated with an OR of 0.66 (95% CI,
0.44-1.00) and daily or greater use was associated with an
OR of 0.56 (95% CI, 0.43-0.73; Pyenq < .001). NSAID use
for any duration also appeared to be associated with a
reduced risk of EAC, but a trend of decreasing risk with
increased duration was not seen. We found no evidence of
a relationship between increased frequency or duration of
NSAID use and risk of EGJA.

Aspirin Use

Five studies collected information on aspirin use.
Ever use of aspirin was associated with a statistically
significant 23% decreased risk of EAC (95% CI, 3%-40%)
and a 16% decreased risk of EGJA (95% CI, 0-29%) com-
pared with nonuse (Table 3). The inverse association with
aspirin use and risk of both outcomes appeared to be
limited to current use. We observed a suggestive trend of
decreasing risk of EAC associated with increasing fre-
quency of aspirin use (Pyenq = .03; Supplementary Figure
3), but there was no apparent trend with increasing du-
ration of aspirin use (Pyenq = .57). Increased frequency or
duration of aspirin use was not statistically significantly
associated with risk of EGJA.

Nonaspirin NSAID Use

Use of nonaspirin NSAIDs was collected in S BEACON
studies. Overall, ever use of nonaspirin NSAIDs appeared
to be statistically significantly associated with a similar
reduced risk of both outcomes compared with nonuse
(EAC: OR, 0.81 [95% CI = 0.67-0.96]; EGJA: OR, 0.78
[95% CI, 0.66-0.93]; Table 4). Although not statistically
significant and based on a small number of cases, this
association may be restricted to current users (Table 4).
Beyond any use of nonaspirin NSAIDs, we did not observe
a clear trend with increasing frequency or duration of
nonaspirin NSAID use with risk of EAC or EGJA (Sup-
plementary Figure 4).

Type of NSAID Use

Among controls who reported using any type of
NSAID, 38% reported use of aspirin only, 22% reported
use of nonaspirin NSAIDs only, and 41% reported use of
both types of NSAIDs. Compared with those who re-
ported no NSAID use, the use of either aspirin only or
nonaspirin NSAIDs only appeared to be associated with
almost identical reduced risks of EAC (ORs of 0.69 and
0.66) and EGJA (ORs of 0.91 and 0.91), respectively (Table
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5). Individuals who reported use of both types of NSAIDs
were not at significantly reduced risk of EAC; however,
they had a statistically significant reduced risk of EGJA
compared with those who reported individual use of as-
pirin or nonaspirin NSAIDs.

We further evaluated the association between ever use of
aspirin and other NSAIDs and risk of each outcome through
stratified analyses by other variables: BMI, smoking status,
sex, gastroesophageal reflux, age, education, and NSAID
question type. Risk estimates appeared similar across strata
of these potential risk factors (data not shown).

Discussion

We found that users of NSAIDs, in particular those
reporting current use, experienced a statistically significant
lower risk of EAC than those who did not use these medi-
cations. We also observed statistically significant inverse as-
sociations between greater frequency and duration of
NSAID use and risk of EAC. When the analysis was exam-
ined by type of NSAID, the magnitude of the effect for ever
use of aspirin was similar to the effect for ever use of
nonaspirin NSAIDs. However, there was little evidence of a
dose-response effect when examining type of NSAID by
increasing frequency or duration. The patterns and overall
inverse association between NSAID and aspirin use and risk
of EGJA appear to be similar to EAC but less striking.

An inverse relationship between NSAID use and esoph-
ageal and gastric adenocarcinomas has been reported pre-
viously in reviews and meta-analyses.?” 3! An important
advantage of our pooled study is that we were able to
create more standardized categories of exposure using
individual-level data from each study and harmonized
analytic models with respect to covariates for adjustment
of potential confounding; these steps permit more com-
parable data than is possible using only results from
published ORs, which use different sets of covariates
between studies. We also built on past reviews by evalu-
ating additional aspects of NSAID use, such as frequency,
duration, and temporal factors, in a larger number of
cases and controls than previous reports. In the most
recently published meta-analysis, Abnet et al reported that
any aspirin use was inversely associated with EAC and
EGJA cancers with summary ORs of 0.64 (95% CI, 0.52-
0.79) and 0.82 (95% CI, 0.65-1.04), respectively.?® Both are
similar to the estimates we observed from our pooled
study. We consistently observed that the effect of aspirin
and NSAID use was slightly weaker for EGJA than EAC.
Although only a few reviews evaluated both EAC and
EGJA,?*° the summary estimates reported are consistent
with our observations of a stronger association with EAC.
This is also consistent with past meta-analyses that re-
ported a statistically significant reduced risk of gastric
noncardia cancer with NSAID use but a weaker effect for
EGJA.2831 Since these meta-analyses were published, one
additional prospective study found an inverse association
between regular use of aspirin and risk of EGJA.2¢ Four
additional studies conducted among high-risk cohorts of
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Table 2. Association Between Aspirin and Nonaspirin NSAID Use and Risk of EAC and EGJA

1V TVDINITD

EAC EGJA
No. of No. of No. of No. of cases/
Exposure studies? cases/controls OR (95% Cl)? 12 (%) studies? controls OR (95% Cl)? 12 (%)

Any use of NSAID

Nonuse 462/1520 1.00 402/1490 1.00

Ever 5 627/3408 0.68 (0.56-0.83) 17 5 617/3346 0.83(0.66-1.03) 37

Former 3 35/56 0.94 (0.54-1.62) 0 2 25/48 1.09 (0.60-1.99) 0
Current 3 94/302 0.40 (0.24-0.67) 44 2 73/248 0.57 (0.39-0.83) 4

Frequency of NSAID use

Nonuse 357/979 1.00 284/949 1.00

Occasionally to less than daily 4 41/173 0.66 (0.44-1.00) 5 3 34/152 0.76 (0.48-1.21) 11

Daily or more 4 131/473 0.56 (0.43-0.73) 0 3 141/432 0.88 (0.61-1.26) 46
Pirend® <.001 0.42
Piend (€Xcluding nonusers)© 0.55 0.33
Duration of NSAID use

Nonuse 357/979 1.00 284/949 1.00

<5y 4 71/308 0.50 (0.28-0.91) 65 3 87,/283 0.84 (0.50-1.40) 62

5t0 <10y 4 44/131 0.73(0.47-1.12) 0 3 46/115 1.07 (0.57-1.99) 50

10 y or more 4 60/209 0.63 (0.45-0.90) 0 3 46/191 0.74 (0.51-1.07) 0
Pyend® 0.04 0.34
Piend (€xcluding nonusers)© 0.47 0.42

aNumber of studies included in a specific analysis varies based on the number of studies with contributing data (eg, studies with no participants that category or not enough cases or controls in that

category to provide a study-specific estimate would not be included in the random effects meta-analysis model).
bAdjusted for age, sex, BMI (kg/m2), gastroesophageal reflux, education, smoking intensity (pack-years), alcohol intake (drinks per day), and study center (when applicable).

“Trend tests used the category of intake as an ordinal variable (eg 0-3) and were calculated from meta-analytic pooling of study-specific ORs estimated from logistic regression models.
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Table 3. Association Between Aspirin Use and Risk of EAC and EGJA

EAC EGJA
No. of No. of No. of No. of No. of
Exposure studies? No. of cases controls ORP (95% ClI) 12 (%) studies? cases controls ORP (95% ClI) 12 (%)

Any use of aspirin

Nonuse 568 2207 1.00 548 2207 1.00

Ever 5 458 2610 0.77 (0.60-0.97) 47 5 469 2610 0.84 (0.71-1.00) 16

Former 2 25 39 1.09 (0.60-1.97) 0 2 18 39 0.87 (0.45-1.67) 0
Current 2 54 200 0.42 (0.26-0.66) 22 2 58 200 0.57 (0.38-0.83) 0

Frequency of aspirin use

Nonuse 568 2207 1.00 548 2207 1.00

Less than weekly 2 182 1139 0.87 (0.56-1.35) 66 2 183 1139 0.78 (0.62-0.99) 0

Weekly to less than daily 5 106 639 0.77 (0.59-0.99) 0 5 115 639 0.83 (0.62-1.12) 17

Daily or more 4 164 824 0.75 (0.52-1.10) 59 4 167 824 0.87 (0.65-1.15) 31
Pirend® 0.03 0.20
Piend (€xcluding nonusers)© 0.87 0.27
Duration of aspirin use

Nonuse 362 1074 1.00 325 1074 1.00

<5y 3 40 209 0.49 (0.22-1.12) 75 3 64 209 0.79 (0.46-1.37) 59

5to <10y 3 31 103 0.75 (0.47-1.19) 0 3 38 103 0.96 (0.48-1.93) 55

10 y or more 3 49 151 0.85 (0.58-1.26) 0 3 36 151 0.75 (0.49-1.13) 0
Pirend® 0.57 0.44
Prrena (€xcluding nonusers)© 0.35 0.38

aNumber of studies included in a specific analysis varies based on the number of studies with contributing data (eg, studies with no participants in that category or not enough cases or controls in
that category to provide a study-specific estimate would not be included in the random effects meta-analysis model).

bAdjusted for any use of nonaspirin NSAID, age, sex, BMI (kg/m?2), gastroesophageal reflux, education, smoking intensity (pack-years), alcohol intake (drinks per day), and study center (when applicable).
“Trend tests used the category of intake as an ordinal variable (eg, 0—3) and were calculated from meta-analytic pooling of study-specific ORs estimated from logistic regression models.
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Table 4. Association Between Nonaspirin NSAID Use and Risk of EAC and EGJA

EAC EGJA
No. of No. of No. of No. of No. of No. of
Exposure studies? cases controls OR®? (95% ClI) 12 (%) studies? cases controls OR? (95% ClI) 12 (%)

Any use of nonaspirin NSAID

Nonuse 688 2745 1.00 679 2745 1.00

Ever 5 338 2072 0.81 (0.67-0.96) 4 5 338 2072 0.78 (0.66-0.93) 0

Former 2 20 31 1.81 (0.88-3.69) 0 2 10 31 1.30 (0.53-3.23) 0
Current 2 19 62 0.63 (0.34-1.15) 0 2 19 62 0.81 (0.45-1.47) 0

Frequency of nonaspirin NSAID use

Nonuse 688 2745 1.00 679 2745 1.00

Less than weekly 2 178 1156 0.80 (0.64-1.01) 0 2 188 1156 0.80 (0.64-1.00) 0

Weekly to less than daily 5 91 497 0.87 (0.66-1.14) 0 5 75 497 0.68 (0.51-0.91) 0

Daily or more 5 67 414 0.74 (0.47-1.18) 54 5 73 414 0.83 (0.62-1.10) 0
Pirend® 0.05 0.01
Piend (€Xcluding nonusers)© 0.92 0.70
Duration of nonaspirin NSAID use

Nonuse 425 1307 1.00 404 1307 1.00

<5y 3 35 159 0.73 (0.44-1.22) 26 3 38 159 0.84 (0.56-1.25) (0]

5t0 <10y 2 8 35 0.81 (0.19-3.41) 58 2 13 35 1.21 (0.50-2.96) 36

10 y or more 3 9 34 0.72 (0.31-1.64) 0 3 7 34 0.64 (0.26-1.55) 0

Pyend® 0.48 0.47

Pieng (€XCluding nonusers)© 0.32 0.93

aNumber of studies included in a specific analysis varies based on the number of studies with contributing data (eg, studies with no participants in that category or not enough cases or controls in
that category to provide a study-specific estimate would not be included in the random effects meta-analysis model).

bAdjusted for any use of aspirin, age, sex, BMI (kg/m2), gastroesophageal reflux, education, smoking intensity (pack-years), alcohol intake (drinks per day), and study center (when applicable).
“Trend tests used the category of intake as an ordinal variable (eg, 0—3) and were calculated from meta-analytic pooling of study-specific ORs estimated from logistic regression models.
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Table 5. Association Between Type of NSAID Use and Risk of EAC and EGJA

EGJA

EAC

No. of No. of

No. of

No. of No. of

No. of
studies?

12 (%)

controls OR®? (95% Cl)

cases
402

studies?

12 (%)

(95% ClI)

OR?
1.00
0.69
0.66

0.

controls
1490
1255

cases
443
245
125
213

Exposure

1.00
0.91

0.

1490
1255

717
1355

None

36

(0.71-1.17)

69 277
25

(0.47-1.00)
(0.47-0.93)

(0.50-1.16)

Aspirin only

(0.71-1.17)

91

146
192

717
1355

Nonaspirin NSAID only

Both

(0.50-0.82)

0.64

55

76

aNumber of studies included in a specific analysis varies based on the number of studies with contributing data (eg, studies with no participants in that category or not enough cases or controls in

that category to provide a study-specific estimate would not be included in the random-effects meta-analysis model).

bpdjusted for age, sex, BMI (kg/m2), gastroesophageal reflux, education, smoking intensity (pack-years), alcohol intake (drinks per day), and study center (when applicable).
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patients with Barrett’s esophagus, 2 prospective and 2
retrospective, have also observed evidence of a reduced
risk of progression to EAC with NSAID use.!?38-40 A
pooled analysis of 3 randomized trials of daily aspirin use
and at least 5 years of treatment found a delayed but
significant reduction in deaths due to EAC and EGJA after
5+ and 10+ years of post-trial follow-up, respectively.*!
Although a small, short-term trial of celecoxib/placebo
among subjects with Barrett’s esophagus found no
change in the proportion of dysplastic biopsies between
the treatment (200 mg/pill, 2 pills/day) and placebo
group at 48 weeks,*? almost half of these patients already
had dysplasia at study entry; a much larger randomized
trial, including adequate numbers of patients without
dysplasia, is needed to fully explore this hypothesis. A
randomized trial of aspirin and proton pump inhibitors
among patients with Barrett’s esophagus is currently on-
going in the United Kingdom.* Results from this trial
will assist in the ongoing effort to further examine the
relationship between aspirin and the development of EAC.
In our study, the association with ever use of aspirin
and nonaspirin NSAIDs was generally similar for EAC
risk. This is in agreement with findings from other reviews
that evaluated the effect of NSAIDs by type. All of our
analyses were mutually adjusted for the other type of
NSAID, which did not change any of the observed asso-
ciations substantially. This suggests that although similar
in effect estimates, both aspirin and nonaspirin NSAID
use appear to have an individual effect on EAC risk above
and beyond use of the other type of NSAID. That is,
exposure to any member of this class of medication fur-
ther reduces the risk of EAC. The similar effects of aspirin
and nonaspirin NSAID use are substantiated further by
the nearly identical associations observed between indi-
viduals who reported using aspirin only and individuals
who reported using nonaspirin NSAIDs only with EAC
and EGJA risk. Because experimental studies have re-
ported similar pathways and actions of aspirin and other
NSAIDs, such as inhibiting COX-2, decreasing inflamma-
tion, increasing apoptosis, and decreasing proliferation, it
seems reasonable that there would be little difference
between their effects on EAC or EGJA risk.*45
Frequency of NSAID use appeared to be more strongly
associated with a reduction in EAC risk than duration of
NSAID use in this analysis. Our analysis found an inverse
relationship with increased frequency of NSAID use (Pyeng <
.001) but a consistent reduced risk of EAC with any level
of duration. A similarly strong inverse dose response be-
tween frequent NSAID use and esophageal cancer was
also reported in the meta-analysis by Corley et al.?” None
of the previous EAC meta-analyses evaluated the effect of
duration of use, so we were unable to compare our results
with others. Although we observed an association with
risk of EAC, we found no significant associations among
the highest categories of frequent or longer duration of
NSAID use and risk of EGJA. In a meta-analysis by Wang
et al, an inverse association with “regular” or frequent use
of NSAIDs and gastric cancer was observed; however,
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there was inadequate evidence to suggest an association
with duration of NSAID use in their analysis.?® The in-
terpretation of results on frequent NSAID use from the
meta-analysis by Wang et al, however, is limited due to the
inclusion of a mixture of gastric cancer sites and varying
definitions of “regular” NSAID use across studies in-
cluded in their meta-analysis.

Although analyses were limited to a subset of studies, in
our study it appears that the reduced risk of EAC and EGJA
was restricted to those who reported current use of NSAIDs.
Past reviews have not attempted to summarize the effect of
current NSAID status on risk of either EAC or EGJA. This is
most likely attributable to the lack of published estimates,
whereas we were able to use raw data from 3 of the 6
BEACON studies to construct this variable. The current
NSAID users in our study tended to report frequent NSAID
use (median, ~1 pill/day) and a moderate duration of use
(median, S years). A similar pattern with current NSAID
status has been observed in the one prospective study of
patients with Barrett’s esophagus. Vaughan et al'® observed
that current NSAID use at baseline was associated with a
significantly lower risk of EAC, which was stronger in a
subset of patients who were deemed to be current users for
the full duration of follow-up (median, 5.5 years).

Results from our study could suggest a possible short-
term protective effect of NSAIDs on EAC and EGJA risk,
because we observed an effect with current users and higher
frequency, but not longer duration. However, because our
pooled analysis consisted primarily of data from case-control
studies, some of the observed effect could be due to reverse
causation. Continued NSAID use can lead to erosive tissue
damage in the gastrointestinal tract, which may result in
patients with gastroesophageal reflux discontinuing NSAID
use. However, the supplemental analyses in this study did
not support this possibility; a similar effect of aspirin and
NSAID use and risk of EAC and EGJA was observed among
individuals with or without gastroesophageal reflux. In ad-
dition, findings from the NIH-AARP study, a prospective
cohort included in this analysis, were similar to findings of
EGJA risk among case-control studies in this analysis. If
replicated in further prospective studies and randomized
trials, this could have implications on the use of NSAIDs as
a potential preventative measure.

Our pooled study has a number of strengths as well as
limitations. It included and combined data from 6 pop-
ulation-based case-control and cohort studies. This al-
lowed for a large sample size and suitable statistical power
to evaluate overall main effect associations, although the
case numbers were still small in some strata and limited
our power to fully evaluate effect modification. Combin-
ing data from a subset of our studies with extensive
questions on use also gave us the ability to evaluate
characteristics of NSAID use, which has been limited in
past reviews. There was some variability among questions
from different studies; in particular, we noticed 2 general
patterns in how questions were asked. When the lead-in
question included the definition of “regular use,” the
prevalence of NSAID use among controls was approxi-
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mately 40%, whereas broader questions reported a preva-
lence of approximately 70% among controls (Appendix 1).
Despite the 2 patterns of questions, results stratified by
question type showed consistently inverse associations.
There were also some minor differences on how frequency
of use was collected: open-ended versus predetermined
responses, and what time period served as the reference
period for estimating use (Appendix 1). Assuming the
time period was representative of usual use, we were able
to define NSAID use in the same way across studies.
Detailed individual-level data on known and suspected
risk factors for EAC and EGJA were available for pooling
from each study, thus allowing us to control for possible
confounding from a standard set of risk factors across
each study. There was some evidence of moderate heter-
ogeneity between study populations; however, overall,
there appears to be little evidence of heterogeneity across
the majority of results except for duration of aspirin.
Overall duration of NSAID use might have been overes-
timated, because we were unable to take into account
potential concurrent use of aspirin and nonaspirin
NSAIDs in the calculation. However, we reevaluated over-
all NSAID duration, taking into account concurrent use
in 2 studies that collected sufficient data to perform this
analysis, and found that there was very little difference in
study-specific estimates. Another limitation of our data is
that no dosage information was collected in any of the
studies. Inclusion of NSAID amounts would have pro-
vided a better indicator of drug exposure than frequency
and duration alone. Because most participating studies
were case-control studies, data from these studies may be
subject to biases; however, data from each study were
obtained rapidly after enrollment and collected with de-
tailed procedures. Results were also generally similar to
those of the cohort study. Finally, we were unable to
directly evaluate whether NSAID use varied by Barrett’s
esophagus status and whether this would have had an
effect on reported associations, because the number of
cases with information on Barrett’s esophagus diagno-
sis (n = 93) was not large enough to conduct any
suitably powered analyses. However, with the small
proportion of cancer cases with a prior diagnosis of
Barrett’s esophagus, any effect on the overall results is
likely to be small.

In summary, findings from this pooled analysis support
the hypothesis that NSAID use provides potential benefits
in preventing esophageal and esophagogastric adenocar-
cinomas. There is also evidence to suggest that increased
frequency and longer duration of overall NSAID use is
associated with further reduced risk of EAC, but these
associations are not present when evaluated by NSAID
type. Results from stratified analyses indicate that aspirin
and nonaspirin NSAIDs have a similar effect on EAC risk
overall. Although the use of NSAIDs as a chemopreventive
strategy is promising, the effectiveness of NSAIDs still has
to be evaluated in randomized trials before this approach
is advanced clinically.
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Appendix 1. Individual Study Data Used for Pooled Analysis
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Studies included in this analysis

Questions asked

Reference period

Contributed data on frequency of use
of aspirin, other NSAIDs/precoded
categories or continuous

Contributed data on duration
of use of aspirin, other
NSAIDs/precoded categories
or continuous

Los Angeles County Multi-ethnic
Study

US Multicenter Study

Nova Scotia Barrett Esophagus
Study

Australian Study of Esophageal

Cancer

Factors Influencing the Barrett's/
Adenocarcinoma Relationship
Study

NIH-AARP Diet and Health Study

Have you ever taken
medications
regularly (at least
2 times per week
for 1 month or
more)?

Before a year ago,
did you take any
of the
medications at
least 1/wk, for 6
months or
longer?

Have you ever used
any of the
following
medications?

How often have you
taken the
following
medications
during the past 5
years?

Did you ever take
any of these
medications
regularly (at least
1/wk for 6 mo or
longer)?

During the past 12
months, did you
take any of the
following
medications?

2 y before diagnosis

1y before diagnosis

5y before diagnosis

Past 5y at entry

1y before diagnosis

Past 1 y at entry

Yes, continuous

Yes, continuous

NSAIDs overall, continuous

Yes, categories (occasionally, <1/mo,
2-3 times/mo, 1 time/wk, 2-3
times/wk, 4-7 times/wk, 2 or more
times/day)

Yes, continuous

Yes, categories (<2 times/mo, 2-3
times/mo, 1-2 times/wk, 3-4
times/wk, 4-5 times/wk, 1 time/
day, 2 or more times/day)

Yes, continuous

Yes, continuous

NSAIDs overall, continuous

No

Yes, continuous

No
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A.
0Odds %
Study Ratio (95% Cl) Weight
EAC: Ever Use of NSAIDs vs Non-use
Australian Cancer Study _— 074 (054,1.01)  28.13
NSBES 0.85(0.33,220)  4.05
US Multicenter _— 0.49(0.33,0.73)  19.86
FINBAR _ 053(0.31,090) 1148
Los Angeles _— 074 (051,1.09) 2053
NIH-AARP —_— 0.93 (0.59, 1.45) 15.95
Subtotal <> 0.68 (0.56, 0.83) 100.00
EGJA: Ever Use of NSAIDs vs Non-use
Australian Cancer Study —_— 0.74(0.55,0.98)  28.79
US Multicenter —_— 077 (052,1.14) 2012
FINBAR —_— 056 (0.31,1.02) 1080
Los Angeles B e — 1.16(0.83,161)  24.65
NIH-AARP —_— 0.86(0.53,1.38) 1563
Subtotal 3 0.83(0.66,1.03)  100.00
T T T T
25 5 1 15 2
Odds Ratios and 95% Confidence Intervals (log scale)
B.
Odds %
Study Ratio (95% CI) Weight
EAC: Ever use of Aspirin vs Non-use
Australian Cancer Study —_— 0.72 (0.55, 0.93) 28.50
US Multicenter _— 0.58 (0.38, 0.87) 19.16
FINBAR —_— 0.55 (0.30, 0.98) 11.98
Los Angeles —_— 0.96 (0.64, 1.46) 18.80
NIH-AARP —_— 1.06 (0.74, 1.53) 21.56
Subtotal <> 0.77 (0.60, 0.97) 100.00
EGJA: Ever use of Aspirin vs Non-use
Australian Cancer Study —_— 0.84 (0.66, 1.07) 36.80
US Multicenter —_— 0.74 (0.49, 1.12) 16.39
FINBAR 0.54 (0.28, 1.04) 715
Los Angeles —_— 1.13(0.79, 1.62) 20.58
NIH-AARP —_— 0.80 (0.55, 1.17) 19.07
Subtotal <> 0.84 (0.70, 1.00) 100.00
T T T T
25 5 1 1.5 2
Odds Ratios and 95% Confidence Intervals (log scale)
C.
Odds %
Study Ratio (95% ClI) Weight
EAC: Ever Use of Non-Aspirin NSAID vs Non-use
Australian Cancer Study _— 0.79 (0.61, 1.03) 42.33
US Multicenter —_— e 1.19(0.71,1.99) 1164
FINBAR 0.64 (0.28, 1.45) 466
Los Angeles —_— 0.5 (0.31,0.99) 9.28
NIH-AARP —_— 0.83(0.61, 1.12) 32.09
Subtotal <> 0.80 (0.67, 0.96) 100.00
EGJA: Ever Use of Non-Aspirin NSAID vs Non-use
Australian Cancer Study —_— 0.70 (0.55, 0.89) 47.97
US Multicenter —_— 0.97 (0.55, 1.73) 873
FINBAR 0.61(0.23, 1.59) 313
Los Angeles _— 0.86 (0.55, 1.34) 14.57
NIH-AARP _— 0.88 (0.63, 1.23) 25,60
Subtotal L 0.78 (0.66, 0.93) 100.00

T T T
25 5 1 15

T
2

Odds Ratios and 95% Confidence Intervals (log scale)
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Supplementary Figure 1. Forest plot for the association of esophageal adenocarcinoma and esophagogastric junctional adenocarcinoma and
ever use of (A) NSAIDs (all), (B) Aspirin, and (C) Non-aspirin NSAIDs. Summary odds ratios and 95% confidence intervals were estimated using a
random effects meta-analytic model. All statistical tests were two-sided. % weight describes the weighting each study contributes to the summary
odds ratio. The dot on each square represents the study-specific odds ratio, and the size of the surrounding square is an illustrative representation
of study weighting. The horizontal lines represent the 95% confidence intervals. The unfilled diamond represents the summary odds ratio.
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Odds %

Study Ratio (95% CI)  Weight
EAC: Occasionally - < Daily vs Non-use
NSBES € * 0.34 (0.06, 2.01) 5.39
US Multicenter —_——— 0.52 (0.28,0.94) 43.54
FINBAR * 0.55(0.19, 1.61) 14.53
Los Angeles —_— 1.04 (0.54, 2.02) 36.54
Subtotal S 0.66 (0.43, 1.00) 100.00
EAC: Daily or More vs Non-use
NSBES +* 0.93 (0.34, 2.55) 6.94
US Multicenter —_— 0.46 (0.29, 0.72) 35.36
FINBAR —_— 0.46 (0.25,0.85) 19.11
Los Angeles —_—— 0.68 (0.44, 1.04) 38.59
Subtotal S 0.56 (0.43, 0.73) 100.00
EGJA: Occasionally - < Daily vs Non-use
US Multicenter * 0.66 (0.35, 1.25) 44.10
FINBAR € - 0.36 (0.09, 1.46) 10.20
Los Angeles —_— 1.04 (0.56, 1.93) 45.70
Subtotal = 0.76 (0.48, 1.21) 100.00
EGJA: Daily or More vs Non-use
US Multicenter —— 0.80 (0.52, 1.24) 35.21
FINBAR —_— 0.60 (0.32, 1.14) 22.31
Los Angeles — 1.16 (0.81, 1.66) 42.49
Subtotal <= 0.88 (0.61, 1.26) 100.00
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Supplementary Figure 2. Forest plot for the association of esophageal adenocarcinoma and esophagogastric junctional adenocarcinoma and
frequency of overall NSAID (aspirin and non-aspirin NSAID) use. Summary odds ratios and 95% confidence intervals were estimated using a random
effects meta-analytic model. All statistical tests were two-sided. % weight describes the weighting each study contributes to the summary odds ratio.
The dot on each square represents the study-specific odds ratio, and the size of the surrounding square is an illustrative representation of study
weighting. The horizontal lines represent the 95% confidence intervals. The unfilled diamond represents the summary odds ratio.
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Odds %

Study Ratio (95% Cl) Weight
EAC: <Weekly vs Never-users |
Australian Cancer Study —_—— 0.72 (0.54, 0.95) 56.75
NIH-AARP _— 1.12(0.73,1.73) 43.25
US Multicenter (Excluded) 0.00
FINBAR (Excluded) 0.00
Subtotal - 0.87 (0.56, 1.35) 100.00
EAC: Weekly - < Daily vs Never-users
Australian Cancer Study ——t 0.68 (0.46, 1.01) 42.45
US Multicenter L g 0.62 (0.32, 1.22) 14.71
FINBAR < 0.68 (0.16, 2.83) 3.32
Los Angeles ® 1.23 (0.60, 2.51) 13.11
NIH-AARP —_—_—— 0.86 (0.52, 1.42) 26.42
Subtotal < 0.77 (0.59, 1.00) 100.00
EAC: Daily or More vs Never-users
US Multicenter _— 0.55 (0.34, 0.87) 26.06
FINBAR 4 0.51 (0.28, 0.95) 19.79
Los Angeles —_—— 0.90 (0.56, 1.42) 25.92
NIH-AARP —— 1.12 (0.74, 1.69) 28.23
Subtotal <? 0.75 (0.51, 1.10) 100.00
EGJA: <Weekly vs Never-users
Australian Cancer Study —— 0.79 (0.60, 1.03) 75.11
NIH-AARP —_—— 0.78 (0.49, 1.23) 24.89
US Multicenter (Excluded) 0.00
FINBAR (Excluded) 0.00
Subtotal 0.78 (0.62, 0.99) 100.00
EGJA: Weekly - < Daily vs never-users
Australian Cancer Study — e 0.99 (0.70, 1.41) 43.54
US Multicenter 4 0.65 (0.31, 1.35) 14.40
FINBAR <€ > ! 0.26 (0.03, 2.47) 1.72
Los Angeles 4 1.15(0.61, 2.18) 18.13
NIH-AARP 4 0.59 (0.33, 1.03) 22.21
Subtotal d 0.83 (0.62, 1.12) 100.00
EGJA: Daily or More vs never-users
US Multicenter ® 0.74 (0.47,1.17) 26.02
FINBAR 4 0.54 (0.27, 1.05) 14.53
Los Angeles —_—— 1.13 (0.77, 1.68) 31.29
NIH-AARP —_— 0.95 (0.62, 1.45) 28.16
Subtotal 0.87 (0.65, 1.15) 100.00
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Supplementary Figure 3. Forest plot for the association of esophageal adenocarcinoma and esophagogastric junctional adenocarcinoma and
frequency of aspirin use. Summary odds ratios and 95% confidence intervals were estimated using a random effects meta-analytic model. All
statistical tests were two-sided. % weight describes the weighting each study contributes to the summary odds ratio. The dot on each square
represents the study-specific odds ratio, and the size of the surrounding square is an illustrative representation of study weighting. The horizontal lines
represent the 95% confidence intervals. The unfilled diamond represents the summary odds ratio.
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Odds %

Study Ratio (95% Cl) Weight
EAC: <Weekly vs Non-Use
Australian Cancer Study b ) 0.75 (0.56, 1.01) 59.15
NIH-AARP P 0.88 (0.62, 1.26) 40.85
US Multicenter (Excluded) 0.00
FINBAR (Excluded) 0.00
Subtotal << 0.80 (0.64, 1.01) 100.00
EAC: Weekly - < Daily vs Non-Use
Australian Cancer Study —— 0.84 (0.56, 1.24) 47.83
US Multicenter 0.82 (0.34, 2.01) 9.36
FINBAR 4 0.68 (0.17, 2.80) 3.76
Los Angeles 4 1.08 (0.37, 3.10) 6.68
NIH-AARP el — 0.91 (0.56, 1.47) 32.37
Subtotal <> 0.87 (0.66, 1.14) 100.00
EAC: Daily or More vs Non-Use
Australian Cancer Study 4 1.00 (0.50, 1.99) 20.62
US Multicenter . 1.45(0.79, 2.67) 22.98
FINBAR L g 0.44 (0.14,1.37) 11.73
Los Angeles 4 0.46 (0.23, 0.90) 21.16
NIH-AARP 0.59 (0.33, 1.06) 23.51
Subtotal -_ 0.74 (0.47, 1.18) 100.00
EGJA: <Weekly vs Non-Use
Australian Cancer Study —— 0.74 (0.57, 0.97) 67.70
NIH-AARP — e 0.94 (0.64, 1.39) 32.30
US Multicenter (Excluded) 0.00
FINBAR (Excluded) 0.00
Subtotal <> 0.80 (0.64, 1.00) 100.00
EGJA: Weekly - < Daily vs Non-Use
Australian Cancer Study —— 0.61 (0.41, 0.90) 55.85
US Multicenter 4 0.62 (0.22, 1.75) 7.79
FINBAR € & 0.50 (0.08, 3.07) 255
Los Angeles € ¢ 0.30 (0.07, 1.35) 3.70
NIH-AARP 4 0.95 (0.56, 1.62) 30.11
Subtotal - 0.68 (0.51, 0.91) 100.00
EGJA: Daily or More vs Non-Use
Australian Cancer Study . 0.60 (0.28, 1.28) 14.81
US Multicenter 4 1.24 (0.63, 2.43) 18.38
FINBAR L g 0.75 (0.24, 2.32) 6.51
Los Angeles ——— 0.90 (0.56, 1.44) 37.85
NIH-AARP * 0.65 (0.35, 1.20) 2245
Subtotal <>L 0.83 (0.62, 1.10) 100.00
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Supplementary Figure 4. Forest plot for the association of esophageal adenocarcinoma and esophagogastric junctional adenocarcinoma and
frequency of non-aspirin NSAID use. Summary odds ratios and 95% confidence intervals were estimated using a random effects meta-analytic
model. All statistical tests were two-sided. % weight describes the weighting each study contributes to the summary odds ratio. The dot on each
square represents the study-specific odds ratio, and the size of the surrounding square is an illustrative representation of study weighting. The
horizontal lines represent the 95% confidence intervals. The unfilled diamond represents the summary odds ratio.
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