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Barrett’s intestinal metaplasia (BIM) may harbor genomic mutations before the histologic appearance of
dysplasia and cancer and requires frequent surveillance. We explored next-generation sequencing to detect
mutations with the analytical sensitivity required to predict concurrent high-grade dysplasia (HGD) and
esophageal adenocarcinoma (EAC) in patients with Barrett’s esophagus by testing nonneoplastic BIM.
Formalin-fixed, paraffin-embedded (FFPE) routine biopsy or endoscopic mucosal resection samples from 32
patientswere tested: nonprogressors toHGDor EAC (BIM-NP)withBIM,whonever hadadiagnosisof dysplasia
or EAC (NZ 13); progressors to HGD or EAC (BIM-P) with BIM and a worse diagnosis of HGD or EAC (NZ 15);
and four BIM-negative samples. Nomutationswere detected in theBIM-NP (0of 13) or BIM-negative samples,
whereas the BIM-P samples had mutations in 6 (75%) of 8 cases in TP53, APC, and CDKN2A (P Z 0.0005),
detected in samples with as low as 20% BIM. We found that next-generation sequencing from routine FFPE
nonneoplastic Barrett’s esophagus samples can detect multiple mutations in minute areas of BIM with high
analytical sensitivity. Next-generation sequencing panels for detection of TP53 and possibly combined mu-
tations in other genes, such as APC and CDKN2A,may be useful in the clinical setting to improve dysplasia and
cancer surveillance in patients with Barrett’s esophagus. (J Mol Diagn 2015, 17: 412e419; http://dx.doi.org/
10.1016/j.jmoldx.2015.02.006)
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Esophageal adenocarcinoma (EAC) most frequently de-
velops in patients with Barrett’s esophagus (BE), estimated
to affect 3.3 million adults in the United States.1 BE results
from injury of the esophageal mucosa associated with
gastroesophageal reflux, which leads to esophagitis and
eventually BE. The incidence of EAC has increased greater
than fivefold during the past 4 decades in the United States,
paralleling the increase in detection of esophageal reflux and
diagnosis of BE.2 Barrett’s intestinal metaplasia (BIM) is
characterized by the replacement of normal squamous
esophageal mucosa by columnar epithelium with intestinal
metaplasia, often occurring in the background of patches of
cardiac, oxyntic, or cardiooxyntic mucosa along the length
of the BE. Patients with BE may sequentially progress to
low-grade dysplasia, high-grade dysplasia (HGD), and
eventually EAC. Patients with BE without dysplasia have a
lower EAC risk (0.1% to 0.5% per patient-year) than those
with high-grade dysplasia (6% to 19% per patient-year).3,4

Current guidelines for the prevention of EAC require
repeat surveillance endoscopies with biopsies of the Bar-
rett’s mucosa followed by pathological examination to
detect BIM and dysplasia.4e6 Unfortunately, the detection
of dysplasia is hampered by sampling errors and high
interobserver diagnostic variability.7e10

Known risk factors associated with EAC include male sex,
older age, white race, hiatal hernia size, length of Barrett’s
epithelium, smoking, and high bodymass index.6 Recently, it
was reported that persistence of BE negative for dysplasia
over several endoscopic examinations identifies patients who
are at low risk for development of EAC.11

It has been hoped that surveillance could potentially be
improved by the implementation of risk stratification pro-
tocols using both clinical and biological markers because
management of BE is costly and inefficient because only a
small percentage of patients with BE progress to HGD or
EAC.12 Furthermore, recent data revealed that endoscopic
surveillance of patients with BE was not associated with a
substantially decreased risk of death from EAC.13

Biomarkers that can be assessed in random biopsy
specimens from Barrett’s mucosa negative for dysplasia
with the ability to predict development or concurrent
(co-existing) dysplasia elsewhere in the esophagus are
warranted to improve surveillance approaches in the BE
population. Previously evaluated testing approaches for
EAC risk stratification in BE using esophageal biopsy
samples include nuclear DNA content abnormalities, such
as aneuploidy and tetraploidy; gene copy number alter-
ations, such as loss of heterozygosity of p16 (CDKN2A) and
p53 (TP53)14,15; somatic gene mutations; and hyper-
methylation of a number of genes.14,16,17 However, pub-
lished studies used fresh or frozen tissue or special sampling
procedures, which limits their clinical implementation, and
data from studies using routine formalin-fixed, paraffin-
embedded (FFPE) clinical endoscopic samples replicating
the clinical setting of BE patients undergoing endoscopic
surveillance have not been reported.6

Next-generation sequencing (NGS) approaches using
nucleic acids obtained from routinely processed FFPE tis-
sues to detect mutations in cancer samples, enabling high
analytical sensitivity and detection of low-frequency muta-
tional events, are well established. However, NGS testing of
preneoplastic tissues, such as BE, have not been evaluated
in routine FFPE clinical samples, and there is no informa-
tion regarding the minimal percentage of intestinal meta-
plasis in the tested mucosal tissue that may be considered
for mutation testing. Therefore, we hypothesized that tar-
geted NGS may be ideally suited for clinical application in
the BE surveillance setting because it can be performed with
minimal amounts of DNA from routine FFPE tissue sam-
ples, permits biomarker multiplexing, and can reach high
sensitivity to detect low-frequency mutational events in
heterogeneous BE tissues, where the foci of intestinal
metaplasia may be small. Sensitivity of mutation detection
by NGS can be 0.5% or lower due to the high level of
sequencing coverage, reaching several thousand reads per
amplicon when targeted sequencing is used. Therefore,
targeted NGS of BE FFPE samples enables the character-
ization of the mutational status of hundreds to thousands of
target functional sites in oncogenes and tumor suppressor
genes that may be critical in BE, dysplastic precursor le-
sions, and EAC in individual biopsy samples collected in
the clinical diagnostic setting.

We used two NGS-targeted amplicon sequencing tech-
nology platforms, the Illumina (San Diego, CA) TruSeq
Cancer Panel for Illumina MiSeq platform and the Ion
Torrent Ion AmpliSeq Cancer Panel (Life Technologies,
Carlsbad, CA), to determine whether mutations of genes
known to undergo mutagenesis in esophageal dysplasia or
cancer arising in BE could predict the presence of HGD or
EAC through testing random nondysplastic or noncancer
BE mucosa with intestinal metaplasia using endoscopic
FFPE samples.

Materials and Methods

Patients and Tissue Samples

Patients with esophageal biopsies or endoscopic mucosal
resections (EMRs) with the pathological diagnosis of in-
testinal metaplasia, HGD, or EAC were searched in the
pathology records from the University of Pennsylvania and
Columbia University. The EAC lesions were intramucosal
or superficial submucosal adenocarcinomas. Two patient
groups were selected: nonprogressors to HGD or EAC
(BIM-NP) are patients with a histologic diagnosis of in-
testinal metaplasia in at least two biopsies within �2
consecutive years and who never had a diagnosis of
dysplasia (indefinite, low grade, or high grade) or EAC in
any esophageal biopsy or resection, and progressors to
HDG or EAC (BIM-P) are patients with a histologic
diagnosis of intestinal metaplasia with a concurrent worse
diagnosis of HGD or EAC. BIM-NP patients had a mean of
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