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Hypothesis—Screening for esophageal adenocarcinoma has focused on identifying Barrett
esophagus (BE) in patients with severe, long-standing symptoms of gastroesophageal reflux
disease(GERD). Unfortunately, 95%of patients who develop esophageal adenocarcinoma are
unaware of the presence of BE before their cancer diagnosis, which means they never had been
selected for screening. One possible explanation is that no correlation exists between the severity
of GERD symptoms and cancer risk. We hypothesize that severe GERD symptoms are not
associated with an increase in the prevalence of BE, dysplasia, or cancer in patients undergoing
primary endoscopic screening.

Design—Cross-sectional study.
Setting—University hospital.
Patients—A total of 769 patients with GERD.

Interventions—Primary screening endoscopy performed from November 1, 2004, through June
7, 2007.

Main Outcomes Measures—Symptom severity, proton pump inhibitor therapy, and
esophageal adenocarcinogenesis (ie, BE, dysplasia, or cancer).

Results—Endoscopy revealed adenocarcinogenesis in 122 patients. An increasing number of
severe GERD symptoms correlated positively with endoscopic findings of esophagitis (odds ratio,
1.05; 95% confidence interval, 1.01-1.09). Conversely, an increasing number of severe GERD
symptoms were associated with decreased odds of adenocarcinogenesis (odds ratio, 0.94; 95%
confidence interval, 0.89-0.98). Patients taking proton pump inhibitors were 61.3% and 81.5%
more likely to have adenocarcinogenesis if they reported no severe typical or atypical GERD
symptoms, respectively, compared with patients taking proton pump inhibitors, who reported that
all symptoms were severe.

Conclusions—Medically treated patients with mild or absent GERD symptoms have
significantly higher odds of adenocarcinogenesis compared with medically treated patients with
severe GERD symptoms. This finding may explain the failure of the current screening paradigm in
which the threshold for primary endoscopic examination is based on symptom severity.

On the basis of several epidemiologic studies in the late 1990s,1-> recommendations have
been made to screen white men older than 50 years with longstanding and severe symptoms
of gastroesophageal reflux disease (GERD) for Barrett esophagus (BE), the known precursor
lesion to esophageal adenocarcinoma.® Despite these recommendations, 95% of patients
who develop esophageal adenocarcinoma have not received endoscopic screening or been
diagnosed as having BE, and most patients present with advanced disease and little chance
for cure.” Indications for screening?-8-11 historically included long-standing GERD and
persistent severe symptoms despite adequate medical therapy, but these criteria have failed
physicians in their attempt to stratify patients for prevention and early detection. In fact, the
most recent guidelines state that screening has not been effective in even the highest-risk
group and should, therefore, be “individualized to the patient.”11

One possible explanation for the failure of the current screening paradigm is that no
correlation has been observed between the severity of GERD symptoms and cancer risk;
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because their symptoms are absent, insignificant, or atypical, these patients do not seek
medical care or are not selected for endoscopic screening, and occult disease progression
ensues. In addition, because proton pump inhibitors (PPIs) are extremely effective in
reducing or eliminating symptoms, patients may be overlooked for screening under the false
assumption that their disease is adequately treated. We hypothesize that severe GERD
symptoms, particularly in patients who are taking PPIs, are not associated with an increase
in the prevalence of BE, dysplasia, or cancer in patients undergoing primary endoscopic
screening.

We performed an institutional review board—approved cross-sectional analysis of typical and
atypical GERD symptoms and endoscopic findings in patients at Oregon Health & Science
University (OHSU) and the Portland Veterans Administration Medical Center (PVAMC).
All patients underwent primary screening endoscopy (ie, esophagogastroduodenoscopy),
defined as the first ever esophagogastroduodenoscopy, and completed the validated GERD
Health-Related Quality of Life questionnaire (GERD-HRQL)2 and the Reflux Symptom
Index (RSI)13 from November 1, 2004, through June 7, 2007. Three distinct cohorts of
patients were included to capture the full spectrum of possible GERD symptoms (Table 1).

The primary cohort was composed of adult patients referred to gastroenterology clinics who
were subsequently scheduled for a clinically indicated upper endoscopy. Patients were
enrolled regardless of the indication for the procedure. The second cohort of patients, all
with typical GERD symptoms (ie, heartburn, regurgitation, or dysphagia) undergoing their
first endoscopy or BE surveillance, had been targeted specifically for a randomized
controlled trial studying small-caliber endoscopic screening without sedation.1* All patients
in this cohort also had been scheduled for a clinically indicated upper endoscopic test (based
on GERD symptoms) before being enrolled. The third cohort consisted of patients with
atypical reflux symptoms (ie, hoarseness, throat-clearing, excess mucus, globus sensation, or
cough) in the general otolaryngology clinics at OHSU and PVAMC who were enrolled in a
BE prevalence study; all patients with nonmalignant ear, nose, and throat conditions
completed the RSI at the time of their initial appointment. The patients who scored 2 or
higher of 5 points for any 2 symptoms or 3 or higher of 5 points for any 1 symptom were
approached for enrollment. Patients with a history of prior upper endoscopy or BE were
excluded from all 3 cohorts. A total of 769 patients had GERD-HRQL and RSI
questionnaires and a detailed medication history obtained; the questionnaires were
administered prior to endoscopy.

Symptom Assessment and Severity Definitions

The severity of each patient's typical and atypical GERD symptoms was quantified using the
GERD-HRQL questionnairel2 and the RSI,13 respectively (Table 2). The former is a
disease-specific instrument whose validity and reliability have been assessed compared with
generic quality-of-life scales (ie, the 36-Item Short Form Health Survey)!® and to
physiologic factors of GERD.16 The latter is used to assess the severity of atypical
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symptoms of GERD, specifically laryngopharyngeal reflux symptoms such as hoarseness
and cough. The validity and reliability of this measure have been established for patients
with laryngopharyngeal reflux who were treated with PPIs and antireflux surgery.13 The
GERD-HRQL questionnaire and the RSI provide complementary information regarding
GERD symptoms.

Symptom severity was designated as “no symptoms,” “mild symptoms,” or “severe
symptoms” based on the patient's response to each item in the GERD-HRQL questionnaire
and the RSI (outlined in the severity schema in Table 3). On the basis of this classification
system, the total number of severe GERD-HRQL (with 0-9 possible) and RSI (with 0-8
possible) symptoms were calculated independently as continuous variables. Finally, by
combining the total number of severe symptoms from each (with dysphagia included only
once; range, 0-16), a composite for each category of symptoms (ie, typical and atypical) was
calculated.

Evaluation

Endoscopy was performed by gastroenterologists at OHSU and PVAMC as part of standard
clinical practice or by trained clinician investigators (R.W.O. and B.A.J.) within the studies
outlined previously. All endoscopic findings were entered into the Clinical Outcomes
Research Initiative database with details of patient history, including demographic and
lifestyle variables and medical history. Barrett esophagus was suspected during endoscopy
when the squamocolumnar junction was located proximal to the anatomical esophagogastric
junction (ie, the most proximal extent of the gastric folds).17 Intestinal metaplasia of the
gastric cardia mucosa was not considered BE. Biopsy specimens were obtained in 4
quadrants every 2 cm throughout the entire Barrett segment using large biopsy forceps.18:19
Esophageal biopsy specimens were evaluated by staff pathologists at OHSU and PVAMC.
The diagnosis of BE required the unequivocal presence of goblet cells within the columnar
epithelium. Standard diagnostic criteria were used to identify columnar epithelial dysplasia
and invasive cancer.20 Esophagitis was documented using the Los Angeles classification
system,21:22 and the hiatal hernia size was measured as the distance in centimeters between
the crural impressions and the anatomical esophagogastric junction.

Statistical Analyses

Statistical analyses were performed with SPSS for Windows (SPSS Inc, Chicago, Illinois)
and SAS 9.1 TS Level 1M2 (SAS Institute Inc, Cary, North Carolina). Means, standard
deviations, and ranges were presented for continuous variables. Proportions were presented
for categorical variables. The value of 80 missing questionnaire responses for 62 study
participants was estimated using the mean (rounded to the nearest integer) of each study
participant's actual responses for that specific measure (ie, GERD-HRQL or RSI). This
imputation allowed for the creation of summary GERD symptom severity measures,
although it underestimated the variability of each participant's symptoms.

Associations between the outcome (ie, Barrett metaplasia, dysplasia, or adenocarcinoma)
and covariates were assessed using the Pearson x2 test and the Mantel-Haenszel test of trend,
where appropriate. A multiple logistic regression model was created to model the
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relationship between symptom severity and the study outcome. Variables that were
significant in univariate analysis with P < .25, known confounders (specifically, age, sex,
and race/ethnicity), and probable biologic importance (specifically, presence of hiatal hernia
and use of PPIs) were included in the model.

Pearson 2-tailed correlation statistics were calculated for all potential confounders. Of pairs
that had at least moderate correlation (r>0.70), only 1 variable was included in the
preliminary model. Backward stepwise selection was used to derive the preliminary effects
model. The criteria for variable removal was determined as a Wald statistic with P> .10.
Interactions between each GERD symptom severity variable and age, sex, and the current
use of PPIs were assessed and retained in the final model at P< .05. The final model's
goodness of fit was assessed with the Hosmer-Lemeshow test.23 Duration of symptoms was
available only for the patients within the second (ie, patients with typical GERD) and third
(ie, patients with atypical GERD) cohorts. To determine the association among symptom
severity, duration of symptoms, and the study outcome, the analysis was repeated with the
primary cohort (ie, any reason for endoscopy) excluded.

Demographic Factors Associated with Esophageal Adenocarcinogenesis

Association

Association

Most patients were male (65.4%), white (94.3%), and non-Hispanic (97.8%). Typical GERD
symptoms were present at the time of assessment in 67.1% of patients, and 57.2% were
using a PPI at the time of primary endoscopy. One hundred seventy-nine of the 769 patients
(23.3%) were found during endoscopy to have esophagitis, and 365 (47.5%) had a hiatal
hernia with a mean (SD) size of 2.72 (1.72) cm.

Several factors, including the use of PPIs, were associated with increased odds for the
presence of esophageal adenocarcinogenesis (Table 4). One hundred twenty-two (15.9%) of
the patients had esophageal adenocarcinogenesis: BE in 99 (12.9%) (99 of 769), esophageal
dysplasia in 17 (2.2%), and esophageal adenocarcinoma in 6 (0.8%). Esophageal
adenocarcinogenesis was present in 31 of 253 otolaryngology clinic patients (12.3%) and 91
of 516 gastroenterology clinic patients (17.6%) (P = .06). Typical and/or atypical GERD
symptoms were present for longer than 10 years in 130 of 367 (35.4%).

Between Gerd Symptom Severity and Esophagitis

Regardless of PPI use status, an increased number of severe GERD symptoms correlated
positively with the identification of esophagitis (odds ratio [OR], 1.05; 95% confidence
interval [Cl1], 1.01-1.09) when compared with those with mild or no symptoms (Figure 1).
However, when stratified by typical and atypical symptoms, only an increased number of
severe typical GERD symptoms correlated positively with the presence of esophagitis (OR,
1.08; 95% ClI, 1.02-1.1).

Between Gerd Symptom Severity and Esophageal Adenocarcinogenesis

Patients with no severe symptoms were 63% (OR, 0.94; 95% CI, 0.89-0.98) more likely to
have esophageal adenocarcinogenesis than patients reporting that all GERD symptoms were
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severe. This relationship persisted when typical and atypical symptoms were analyzed
separately (OR, 0.92 [95% ClI, 0.86-0.99]; and 0.91 [0.84-0.99], respectively).

Gerd Symptom Severity, Odds of Esophageal Adenocarcinogenesis, and Ppi Use

After adjusting for age, sex, race/ethnicity, presence of hiatal hernia, clinic, and institution
of recruitment, the total number of severe GERD symptoms was inversely and significantly
associated with the odds of esophageal adenocarcinogenesis among patients using PPIs (OR,
0.90; 95% Cl, 0.84-0.96). Within this model, no significant association was observed
between symptom severity and adenocarcinogenesis in patients not using PPIs (OR, 1.06;
95% ClI, 0.96-1.18) (Table 5 and Figure 2).

When analyzed by typical (OR, 0.90; 95% ClI, 0.83-0.99) and atypical symptoms (0.81;
0.72-0.91), this inverse association persisted among PPI users. Patients taking PPIs were
61.3% and 81.5% more likely to have esophageal adenocarcinogenesis if they reported no
severe typical or atypical GERD symptoms, respectively. In patients with atypical GERD
symptoms who were not using PPIs, the converse was true. For these patients, the odds of
esophageal adenocarcinogenesis at screening endoscopy increased by 29% (OR, 1.29; 95%
Cl, 1.09-1.54) as the number of severe GERD symptoms increased (Figure 3).

Gerd Symptom Severity, Odds of Esophageal Adenocarcinogenesis, and Symptom

Duration

Comment

The association between the number of severe typical and/or atypical GERD symptoms and
esophageal adenocarcinogenesis was then determined while controlling for duration of
symptoms and PPI use. Patients with a 10-year or longer history of typical or atypical
GERD symptoms were 3-fold more likely to have esophageal adenocarcinogenesis (OR,
3.02; 95% ClI, 1.70-5.40) compared with a duration of symptoms of less than 10 years.
Despite this, the inverse association with the total number of severe GERD symptoms
persisted (OR, 0.82; 95% CI, 0.74-0.92). The relationship was even more pronounced when
the analysis was stratified for duration of symptoms of more than 10 years in patients who
were using PPIs (OR, 0.70; 95% CI, 0.58-0.84).

This study explored the relationship between typical and atypical GERD symptom severity
and the odds of esophageal adenocarcinogenesis at the time of primary endoscopic
screening. The results demonstrate that patients with minimal or no GERD symptoms who
are using PPIs have increased odds of esophageal adenocarcinogenesis compared with those
with severe symptoms, especially when GERD symptoms have been present for more than
10 years. These findings highlight one of many potential causes for the ineffectiveness of
current screening efforts and implicate PPls as a factor by which patients may be rendered
asymptomatic in the face of continued mutagenic exposures.

The importance of further defining potential risk factors for esophageal adenocarcinoma is
clear. Since 1975, the incidence of this cancer has increased significantly.25-27 Using the
presence of long-standing severe GERD symptoms to guide screening strategies has failed
to reduce the number of patients presenting with incurable disease. Some have suggested
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that the nearly epidemic use of antisecretory medications, coupled with the insensate nature
of the Barrett epithelium,28-31 may be reducing or eliminating GERD symptoms in the
patients who are at highest risk, thus rendering them susceptible to occult disease
progression. In addition, for a given degree of exposure to refluxate, the perception of
GERD symptom severity may be highly variable among patients, which may contribute to
occult disease progression in minimally symptomatic patients.

Although we are unable to determine causality from this study, the results have biologic
plausibility. Acid suppression therapy is effective at eliminating symptoms despite
unremitting reflux events.32 Vela and colleagues32 demonstrated that acid suppression in
GERD patients did not result in a decrease in the total number of reflux episodes but rather
in a shift from acidic to nonacidic reflux coupled with symptom resolution. In fact, as many
as 50% of patients with BE who are taking PPIs will have persistent weak acid esophageal
exposure despite complete symptom resolution.33-35 Because bile acids become lipid soluble
in the presence of a weak acid environment (ie, pH 3-5), they can move through the cell
membrane, where they likely activate the caudal-related homeobox gene (Cdx-2 [GenBank
NM_007673]) to promote BE.36:37

Lagergren and colleagues? established symptomatic GERD as a risk factor for esophageal
adenocarcinoma in their population-based, case-control study of esophageal adenocarcinoma
cases in the 1990s. They established that long-standing and severe GERD symptoms were
associated with an adjusted OR for esophageal adenocarcinoma of 43.5-fold compared with
no symptoms. However, in their study, symptom severity was defined by symptom
frequency as opposed to patient perception of severity. Although frequency most likely
serves as a proxy for severity, it is not necessarily indicative of clinically severe GERD.
Indeed, physicians and patients rarely consider mild symptoms, even if they occur
frequently, as indicating severe GERD because the symptoms are tolerable and easily
managed with medications.

Although cross-sectional and matched case-control studies®8:38 of patients referred for
upper endoscopy have shown that the age of onset, male sex, hiatal hernia, and duration of
GERD symptoms are associated with BE, the relationship between the severity of GERD
symptoms and BE has been less understood, and reports give conflicting results. For
example, Locke and colleagues3® found no association between the presence of BE and
GERD symptom severity in a large community-based population referred for
esophagogastroduodenoscopy, although Eloubeidi and Provenzale*? discovered in their
study of US Armed Services veterans that patients with BE were more likely to report less
severe symptoms (adjusted OR, 0.13; 95% CI, 0.04-0.42) than patients with clinical GERD
and no BE.

Of interest, in our study, patients with severe atypical symptoms who were not medically
treated had significantly increased odds of esophageal adenocarcinogenesis compared with
those with no severe symptoms. This finding is important because patients who are being
evaluated for symptoms such as hoarseness, throat-clearing, excess mucus, globus sensation,
or cough may not have reflux of gastrointestinal contents considered to be a possible cause
of their symptoms. As such, they do not undergo esophageal screening and are not treated
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with PPIs. This group of patients may represent those who have little or no heartburn or
regurgitation and are thus referred for evaluation to an otolaryngologist rather than a
gastroenterologist. This supposition is supported by the fact that the prevalences of
adenocarcinogenesis in otolaryngology and gastroenterology patients were statistically
similar in this study.

As a cross-sectional investigation, this study reports only correlations at a single time point
among the variables of interest, and it cannot establish causation. Given this limitation, this
study reflects the patient population encountered clinically, with a wide range of GERD
symptom severity at various stages of esophageal injury. In addition, the analysis did not
control for all known risk factors for BE and esophageal adenocarcinoma, such as obesity*!
and the duration of GERD symptoms.38 Inclusion of these potential confounders may have
revealed a different relationship between GERD symptom severity and esophageal
adenocarcinogenesis. Although the individual questionnaires are validated, the symptom
severity scale developed for this study was not. However, given the lack of a commonly
accepted measurement of GERD symptom severity, it was necessary to create internal scales
to achieve the aims of this investigation.

Despite these concerns, this study exhibited a high degree of content validity. For example,
the rate of esophageal adenocarcinogenesis discovered in this screening population was
consistent with that reported for the general GERD population by other authors.42-47 Also,
previously established risk factors for esophageal adenocarcinogenesis, such as age, sex,
ethnicity, and presence of hiatal hernia, were confirmed and reproduced in this study.
Although this study is the first, to our knowledge, to examine the relationship among the
severity of GERD symptoms, PPI use, and esophageal adenocarcinogenesis, others have
demonstrated an increased risk of esophageal adenocarcinogenesis for patients taking PPIs.
Those studies attributed this finding to confounding by intent, whereby PPI use was simply a
marker for the severity of the patient's GERD rather than a direct causative factor,39.48:49
Finally, consistent with the published literature, our results demonstrated a positive
correlation between symptom severity and the presence of esophagitis.24:50.51

In summary, patients with medically controlled GERD symptoms who underwent primary
screening endoscopy had significantly increased odds of BE, dysplasia, and cancer
compared with medically treated patients with severe GERD symptoms. Also, patients with
untreated severe atypical symptoms are at increased risk for esophageal
adenocarcinogenesis. These findings highlight potential causes for the ineffectiveness of the
current esophageal cancer screening paradigm and suggest that, rather than recommending
BE screening only in patients with long-standing, poorly controlled GERD, patients with
long-standing but well-controlled symptoms of typical or atypical GERD may be a better
population to target. In addition, patients who present initially to the otolaryngology clinic
with severe atypical-predominate symptoms should be strongly considered for primary
screening endoscopy.

Larger-scale prospective studies, ideally having a validated measure of symptom severity,
will enable us to determine the prevalence of BE stratified by symptom duration,
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tisecretory medication use, and current symptoms severity and lead to stronger guidance
recommendations for screening endoscopy.
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Figure 1.

Correlation between the number of severe symptoms and the presence of erosive
esophagitis. The odds of esophagitis increase as the number of severe symptoms increases.
This finding is expected because esophageal acidification is responsible for the sensation of
heartburn, and effective acid suppression has been proven to reduce or eliminate symptoms
and heal erosions.?4
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Figure 2.
Correlation between the number of gastroesophageal reflux disease (GERD), typical, and

atypical severe symptoms and the presence of esophageal adenocarcinogenesis in patients.
As the number of severe typical or atypical reflux symptoms increased, a significantly
decreased risk was observed for the presence of Barrett esophagitis, dysplasia, and cancer.
This finding was most pronounced in patients taking proton pump inhibitors (PPIs).
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Correlation between the number of atypical severe symptoms and the presence of

esophageal adenocarcinogenesis. Patients with an increasing number of severe atypical

gastroesophageal reflux disease (GERD) symptoms who were not taking proton pump

inhibitors (PPIs) composed the group most likely to have Barrett esophagitis, dysplasia, or

cancer. This finding is surprising because most of these patients were recruited from
otolaryngology clinics and rarely would have been targeted for screening endoscopy.

Arch Surg. Author manuscript; available in PMC 2014 July 08.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duasnuely Joyny vd-HIN

Nason et al. Page 15

Table 1
Number of Study Patients by Indication for Screening Endoscopy?

Indication® Eligible Excluded Total Enrolled
Any indication 460 45C 415
Typical GERD symptoms 274 173d 101
Atypical GERD symptoms 523 2708 253
Total No. of Patients 1257 488 769

Abbreviation: GERD, gastroesophageal reflux disease.

a . L . R . . . L
Exclusion criteria: prior antireflux surgery, pregnancy, esophageal diverticulum, anticoagulation therapy, history of recurrent epistaxis,
esophageal varices, otolaryngologic malignant neoplasms, prior laryngeal surgery, or trauma to the larynx.

Because of personnel constraints, only approximately 1 in 5 patients seen in the clinic was approached for study enroliment.
Reasons for exclusion: inadequate endoscopic examination (n = 15) and incomplete questionnaires (n = 30).

Reasons for exclusion: declined to participate (n = 132), unable to schedule or complete both endoscopies (n = 20), excluded after randomization
at primary physician request (n = 3), medical contraindications at time of endoscopy (n = 3), and incomplete questionnaires (n = 15).

e . . - . -
Reasons for exclusion: declined to participate (n = 149), unable to provide consent (n = 70), inability to schedule or complete endoscopy (n = 25),
and incomplete questionnaires (n = 26).
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Table 3
Symptom Severity Schema

Symptom Severity GERD-HRQL Symptom Severity Definition RSl

No symptoms No symptoms

Mild symptoms Noticeable but not bothersome

Severe symptoms Bothersome every day

Affect daily activities

g A W N P, O

Incapacitating

Abbreviations: GERD-HRQL, Gastroesophageal Reflux Disease Health-Related Quality of Life questionnaire; RSI, Reflux Symptom Index.
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