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Abstract

Purpose of review To review recently published data on factors that predict the risk of
progression of Barrett’s esophagus (BE) to high grade dysplasia (HGD) or esophageal
adenocarcinoma (EAC).
Recent findings Computer models have been developed that could help predict the risk of
progression with greater accuracy. The progression of BE score (PIB) is one such model
based on clinical and endoscopic features, while a second uses automated image analysis
of formalin-fixed and paraffin-embedded tissues looking for morphologic features and
immunostaining patterns for molecular markers. Panels of genes such as those regulated
by Myc and hypermethylated genes have been recently described.
Summary EAC remains a cancer with a poor 5-year survival of less than 20%. Screening for
BE, the only known precursor of EAC is recommended only in high-risk individuals. Clinical,
endoscopic, and molecular predictors of progression have been identified but require
validation. These tools could in turn help focus screening and surveillance efforts to
reduce mortality from EAC.

Introduction

The incidence and mortality of esophageal adenocarci-
noma (EAC) in the USA have been steadily rising since
the early 1970s. The 5-year overall survival rate for pa-
tients with EAC remains poor, at G 20%, and median
survival after diagnosis is only 11 months. Barrett’s

esophagus (BE) is the only known precursor to EAC
and can be detected endoscopically. Screening and sur-
veillance to detect BE and dysplasia/EAC are hence rec-
ommended to enable prevention (by endoscopic treat-
ment of dysplasia) and/or treatment of early stage EAC

http://crossmark.crossref.org/dialog/?doi=10.1007/s11938-019-00214-9&domain=pdf


[1]. Endoscopic surveillance is however only modestly
effective likely due to a variety of reasons [2]. Compli-
ance with endoscopic surveillance guidelines is poor,
dysplasia distribution in BE mucosa is patchy and often
subtle, leading to missed dysplasia [3]. Additionally,
interobserver agreement among pathologists for the di-
agnosis of dysplasia (especially low-grade dysplasia) is
moderate to poor. These limitations likely negatively
impact the effectiveness of surveillance as currently
practiced.

The degree of dysplasia on biopsy specimens obtain-
ed during upper endoscopy (EGD) is currently the only
method utilized to predict progression to EAC and
thereby determine surveillance intervals. Currently, pro-
gression (i.e., development of HGD or EAC) is defined
as the detection of HGD or EAC more than 12 months

after the initial diagnosis of BE. Population studies show
that most patients with BE do not have dysplasia (80%)
and the absolute risk of progression in non-dysplastic BE
(NDBE) is low at 0.33% each year [4, 5]. Endoscopic
surveillance in those with NDBE is recommended every
3 to 5 years, and biopsies are recommended every 2 cm
in a four-quadrant fashion (Seattle protocol). Modeling
studies have found surveillance in those with NDBE to
not be cost-effective [6].

Hence, there is a strong clinical need to define pre-
dictors of progression in BE, in order to risk stratify
patients into low- and high-risk categories, such that
their surveillance and management can be tailored to
this classification. In this review, we aim to comprehen-
sively review and summarize the literature on predictors
of progression in BE.

Patient characteristics that predict progression

Patient factors reported to increase risk of progression in BE patients include
male gender and advancing age [7]. In a recent systematic review and meta-
analysis (SRM) of cohort studies, significant associations between risk of pro-
gression and increasing age (OR 1.03, 95% CI 1.01–1.05, I2 = 45) as well as
male gender (OR 2.16, 95% CI 1.84–2.53, I2 = 0) were reported.

While obesity is an established risk factor for BE and EAC [7], data
on its direct impact on progression in those with known BE are more
limited. In a large population-based cohort of BE patients, being over-
weight (BMI 25–29.9) conferred an increased risk of progression to EAC
(OR 1.64). However, there was no effect of higher grades of obesity on
progression [8]. Similarly, in another SRM, obesity as measured by BMI
did not associate with the risk of progression [9••]. However, in a
prospective cohort study, increased levels of serum Leptin and insulin
resistance (which are associated with central obesity) were associated
with progression, particularly in men [10]. Central obesity or visceral
abdominal fat may be more closely associated with esophageal carcino-
genesis than BMI which is a measure of overall adiposity [11].

Smoking is also a well-established risk factor for BE [12]. In a SRM
of cohort studies, smoking was associated with an increased risk for
progression of almost 50% [9••]. In this SRM, when analysis was
restricted to the five studies that reported multivariate analyses adjusted
for age and sex, smoking remained predictive of progression. However
in the two studies adjusting for age, sex, and BE characteristics (baseline
dysplasia and/or BE length), smoking was not predictive of progression.
Additional studies have also consistently shown that smoking is a risk
factor for EAC (OR 1.96, 95% CI 1.64–1.34, I2 = 24) [13] along with a
dose response effect. Hence, smoking may be one of the few modifiable
risk factors influencing BE progression.
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Medications such as aspirin/nonsteroidal anti-inflammatory drugs
(NSAIDs), statins, and proton pump inhibitors (PPIs) have been reported to
protect against progression of BE. In a SRM, the use of proton pump inhibitors
(PPIs) and statins was associated with decreased odds of progression (ORs 0.55
and 0.48, respectively). While there is some evidence on the role of metformin,
the chemoprevention of other malignancies, evidence for its role in preventing
EAC in BE, appears to be limited [8, 14, 15].

Alcohol use does not appear to affect the risk of progression [8]. Another
meta-analysis including 882 cases of BE progression in 6867 patients also
found that alcohol consumption was not associated with the risk of neoplastic
progression in BE [15, 16].

Endoscopic predictors of progression

BE segment length has been fairly consistently associated with increased
risk of progression (Table 1). In an SRM data from 10 studies, the risk
of progression increased by 25% (HR 1.25, 1.16–1.36) for every 1-cm
increase in the length of BE (heterogeneity was moderate, I2 = 47). This
association remained significant even when the analysis was limited to
six studies adjusting for age and sex and the three studies adjusting for
baseline dysplasia as well. Indeed, in a recent multicenter cohort study,
the annual risk of progression to HGD/EAC in those with long segment
BE (≥ 3 cm) of 0.91% was substantially higher than that with short
segment BE (1–3 cm) of 0.29% [17].

Endoscopic evidence of nodularity may reflect the presence of prevalent
dysplasia or EAC and predict progression to HGD/EAC. In a retrospective
cohort study, patients with NDBE and low-grade dysplasia (LGD) progressed to
HGD/EAC at a rate of 0.97% per year (0.59% per person years in NDBE and
1.23% per person years in LGD). Nodularity on endoscopy predicted a 5-fold
higher risk of progression (HR 4.98; 95% CI 1.80–11.7). In another cohort
study of patients with LGD, nodularity increased the risk of progression more
than 6-fold: HR 6.4 (0.98–24.3) [1, 18–20].

Dysplasia as a predictor of progression
NDBE

The rate of progression of NDBE to HGD or EAC is low. In a large
Danish cohort, the annual risk of progression from NDBE to EAC was
0.1%. However, this was a pathology database study, with no informa-
tion provided on the length of the BE segment, raising the possibility of
misclassification bias (patients with intestinal metaplasia of the cardia
being classified as BE). A somewhat similar rate of 0.17% was also
observed among patients with NDBE in Northern Ireland although the
latter included tumors arising in the gastric cardia in their calculation. A
more comprehensive SRM reported that the annual risk of progression
in NDBE is 0.33% [21]. In a retrospective cohort study of 1400 partic-
ipants, the persistence of NDBE over consecutive endoscopies was asso-
ciated with progressively decreasing odds of progression to EAC, though
this has been refuted in other reports [4, 22].

20 Esophagus (PG Iyer, Section Editor)



Ta
bl
e
1.

M
od
el
s
to

pr
ed
ic
t
pr
og
re
ss
io
n
in

BE

Co
rr
es
po

nd
in
g

au
th
or

Ty
pe

of
pr
ed
ic
to
rs

Pr
ed
ic
to
rs

Te
ch
ni
qu

e
Ou

tc
om

e
Ca
te
go
ri
es

of
ri
sk

pr
og
re
ss
io
n

Ac
cu
ra
cy

of
m
od

el

Sh
ar
m
a,
P

Cl
in
ic
al
fe
at
ur
es

pl
us

de
gr
ee

of
dy
sp
la
si
a

Ge
nd
er
,

ci
ga
re
tt
e

sm
ok
in
g,

le
ng
th

of
BE
,

co
nf
irm

ed
LG
D

As
si
gn

po
in
ts
to

ea
ch

pr
ed
ic
to
r

an
d
ad
d
up

th
e

po
in
ts
to

ca
lc
ul
at
e
ris
k

sc
or
e

An
nu
al
ris
k
of

pr
og
re
ss
io
n
to

H
GD

/E
AC

Lo
w
ris
k
(0
.1
3%

)
In
te
rm

ed
ia
te

ris
k

(0
.7
3%

)
H
ig
h
ris
k
(2
.1
%
)

Cr
it
ch
le
y-
Th
or
ne

R.
J.

Ti
ss
ue

m
or
ph
ol
og
y

an
d
bi
om

ar
ke
r

p1
6I
NK

4a
,

AM
AC
R,

p5
3,

H
ER
2,

K2
0,

CD
68

Au
to
m
at
ed

an
al
ys
is
of

FF
PE

sl
id
es

fo
r1

5
m
or
ph
ol
og
ic

fe
at
ur
es

an
d
IF

pa
tt
er
n
fo
llo
w
ed

by
ca
lc
ul
at
io
n
of

ris
k
sc
or
es

Pr
og
re
ss
io
n
fr
om

ND
,I
ND

or
LG
D

to
H
GD

or
EA
C

w
it
hi
n

12
m
on
th
s

Lo
w
ris
k
(O
R

1-
re
fe
re
nc
e)

In
te
rm

ed
ia
te

ris
k
(O
R

7.
7)

H
ig
h
ris
k
(O
R
46
)

AU
RO

C
pr
og
re
ss
or
s
vs
.

no
n-
pr
og
re
ss
or
s:
0.
89

CO
X-
2,

H
IF
-1
a,

CD
45
RO

Predictors of Progression in Barrett’s Esophagus Chakraborty and Iyer 21



Indefinite for dysplasia
Indefinite for dysplasia is referred to “epithelial abnormalities insuffi-
cient to diagnose dysplasia or epithelial abnormalities that are unclear
due to inflammation or sampling”. The natural history of IND is still
being elucidated. In a retrospective cohort study, 66 patients without
prevalent dysplasia underwent surveillance endoscopy more than 1 year
after the diagnosis of IND. Two (3%) developed HGD 16.5 and
28 months after the initial diagnosis of IND. Patients with incident
dysplasia had a longer Barrett’s segment and were more likely to report
a history of smoking. Another retrospective study found that nearly 13%
of patients with IND had prevalent dysplasia (seven LGD, two HGD) or
EAC (two). Further, 17 of 82 patients (21%) progressed to dysplasia
(82% LGD, 18% HGD) and two (0.2%) developed EAC. The incidence
of advanced neoplasia (HGD/EAC) was 1.2 cases per 100 patient-years,
which approximates that of LGD. Multi-focal IND and longer length of
BE on the index biopsy predicted progression to advanced neoplasia
[23]. Another retrospective cohort study from the Netherlands reported
that the rate of progression from IND to HGD/EAC was 1.4 per 100
person years [24]. Hence, the preponderance of data seems to suggest
that the risk of progression in IND may be comparable to that of BE-
LGD.

LGD
The rate of progression of LGD to HGD or EAC varies based on the
agreement between pathologists. In a SRM, the pooled annual incidence
of EAC and EAC/HGD in patients with LGD was 0.54% and 1.73%,
respectively. Stratifying the studies by proportion of LGD diagnosed in
each study, denominator being total number of BE cases, less than or
more than 15%), the annual incidence of EAC was 0.76% for a LGD/BE
ratio less than 0.15 and 0.32% if the ratio was more than 0.15: sug-
gestive of a low threshold for an LGD diagnosis. Substantial heteroge-
neity was observed in the overall analysis [5]. A key limitation of using
LGD as a predictor of progression is the inter-observer variation among
pathologists in diagnosing the presence of and grade of dysplasia.
Studies where the proportion of LGD is high are expected to have a
lower incidence of EAC given the over diagnosis of LGD. Conversely, the
studies where proportion of LGD is low are expected to have a higher
incidence of EAC because of more stringent diagnosis of LGD [5].
Additionally, the correlation between community pathologists and expert
GI pathologists in making a diagnosis of LGD is poor, with most LGD
diagnoses downgraded to NDBE on GI pathology review. In these
downgraded patients, the risk of progression approximates that of NDBE
patients (0.49%), while those with confirmed LGD, the rates of pro-
gression are substantially higher (13.4%) [25]. Hence, it is recommend-
ed that the diagnosis of LGD be confirmed by another pathologist with
expertise in gastrointestinal pathology. Several studies have shown that
persistent LGD (LGD demonstrated on more than surveillance endosco-
py), confirmation of LGD by multiple GI pathologists and nodularity
predict higher rates of progression [18, 26]. More recent studies have
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also demonstrated that LGD may be a marker for prevalent HGD or
IMC, and hence detection of LGD should prompt careful endoscopic
follow-up [27, 28].

Genetic predictors of BE progression

EAC is a cancer with high mutation burden approaching that of cancers asso-
ciated with known carcinogens like lung cancer and melanoma. It is also a
genetically heterogeneous cancer, in that there are only a handful of genes
including tumor suppressors TP53 and SMAD4 that are mutated consistently
across multiple cases. p16 mutation occurs independent of progression, while
p53mutation is mostly seen in HGD and EAC and the SMAD4mutation is seen
in EAC. A field effect has also been described in BE epithelium: p53mutation is
often seen in the non-dysplastic area adjacent to EAC, more commonly in
progressors than in non-progressors (18% vs. 7%).

In addition to point mutations, copy number changes and gene gains or
deletions have also been described in progressors (summarized in Table 2).
In one study, while the copy number profile of non-progressors remained
relatively stable over time, in progressors, there was a marked increase from
0% at baseline to nearly 100% within 48 months of diagnosis of EAC. A
panel comprising TP53 loss of heterozygosity (LOH), CDKN21 LOH, and
presence of tetraploidy increased the risk of progression by nearly 39-fold
[29]. In a prospective study, p53 protein expression was assessed using
immunohistochemistry (IHC) and loss of p53 gene locus by fluorescent in
situ hybridization (FISH) in 116 patients with BE. p53 overexpression
(defined as 4+ expression on a scale of 0–4) was more common in LGD
than in HGD or EAC, while p53 overexpression and loss of p53 gene locus
together were more common in LGD, HGD, and EAC (Fig. 1). On multi-
variable analysis, overexpression of p53 and loss of TP53 gene locus were
independent predictors of progression to HGD/EAC (HR = 17, 95% CI 3.2–

Table 2. Individual genetic biomarkers of progression in BE

Marker Type of change Type of study Relative risk for
progression

P53 Increased p53 expression
by IHC

Nested case control 11.7 (1.9–71.4)

Retrospective
5.6 (3.1–10.3)

Absent p53 staining 14 (5.3–37.2)

Absent p53 staining
plus confirmed LGD

33% compared to 15% for
absent p53 alone

TP53 LOH, CDKN2A LOH,
and tetraploidy

Retrospective analysis
of prospectively
collected samples

38.7 (10.8–138.5)

Abnormal DNA ploidy,
expression of Aspergillus
oryzae lectin

No LGD at baseline 3.3 (1.8–6.1)

LGD at baseline 3.9 (2.4–6.4)

From [19]
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96 and 7.3, 95% CI 1.3–41), respectively [30]. In a case-control study, 720
patients with BE were classified as cases if they developed HGD/EAC or as
controls.

Overexpression of p53 was associated with increased risk of progres-
sion after adjusting for age, gender, length of BE, and esophagitis (ad-
justed RR 5.6, 3.1–10.3). Loss of p53 expression, although less common
(5% vs 44% with p53 overexpression) was associated with an even
higher risk of progression (RR 14, 5.3–37.2). Compared to normal p53
expression, aberrant p53 expression was associated with higher risk of
progression in both NDBE (OR 4.5, 2.0–9.0) and LGD (11.2, 5.7–22.0)
[31]. Finally, in a SRM, aberrant p53 expression was associated with
increased risk of progression to EAC (OR 7.04, 3.68–13.46, I2 = 56%),
remaining significant for both non-dysplastic BE (OR 6.12, 2.99–12.52)
and LGD (OR 8.64, 3.62–20.62) (Fig. 2) [34].

Fig. 2. p53 expression can be increased or is sometimes absent in BE. Top panel: a Negative control (no primary antibody) (× 200).
b Barrett’s mucosa with low-grade dysplasia, entire sample negative for p53 (× 400). c Barrett’s mucosa with low-grade dysplasia,
positive for p53 (× 400). d Barrett’s mucosa with high-grade dysplasia, positive for p53 (× 400) [32]. Bottom panel: p53
immunostaining in a tissue array made from resected esophageal specimens. p53 expression in an area of high-grade dysplasia with
adjacent mucosa negative for p53. b High-grade dysplasia with p53-positive immunostaining. c EAC with positive p53 immuno-
staining. In this study, 11% of NDBE, 0% of LGD, 57% of HGD, and 100% of EAC were positive for p53 [33].

Fig. 1. Frequency distribution of p53 overexpression (by immunohistochemistry) and loss of TP53 gene locus by FISH by Barretts
histologic categories [30].
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A risk score that utilized LOH and microsatellite instability status of
10 specific loci also predicted progression to HGD. A combination of
abnormal ploidy and expression of Aspergillus oryzae lectin (AOL) in-
creased the odds of progression by 3–4-fold, with greater risk of pro-
gression in those with LGD [35]. A panel of four hypermethylated genes
could stratify patients into low, intermediate, or high risk of progression
with 94% sensitivity and 97% specificity, while another panel of eight
genes distinguished progressors from non-progressors with an AUC of
0.84 and 0.83 at 2 and 4 years [36, 37].

A meta-analysis to identify genetic markers associated with susceptibility
and progression of BE identified chromosomal instability as being significantly
associated with increased odds of progression (Table 3). ORs for progression
adjusted for length of BE and dysplasia ranged from 1.36–5.98. While LOH for

Fig. 2 continued.

Table 3. Panel of biomarkers to predict risk of progression in BE

Marker Number or genes AUC
MYC-regulated genes 90 0.87 (0.82–0.93) to distinguish dysplastic from

non-dysplastic BE 64% of LGD correctly at
higher risk of progression correctly identified

Hypermethylated genes 4 (SLC22A18, PIGR, GJA12, RIN2) Stratified patients into low, intermediate, high
risk of progression with 94% sensitivity and
97% specificity

8 genes (p16, RUNX3, HPP1, NELL1,
TAC1, SST, AKAP12, CDH13)

AUC for BE progression 0.84 at 2 years and
0.83 at 4 years

From [19]
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TP53 and p16 and presence of amutant p53were associated with higher odds of
progression (ORs 5.4, 2.4 and 1.27, respectively), their odds ratios were not
adjusted for degree of dysplasia.

Another prospective study from the Netherlands followed patients
with NDBE with serial endoscopic biopsy surveillance (every 2–3 years
for NDBE and 6 months for dysplastic BE) and brush cytology for
fluorescence in situ hybridization (FISH). Four hundred ninety-eight
patients were followed for a cumulative 2277 patient-years. Twenty-two
patients progressed: nine developed HGD and 13 EAC (rate of progres-
sion to HGD/EAC was 0.97% per patient year). Univariate analysis
revealed that loss of p16, gain of MYC, and aneusomy detected by FISH
(using centromeric probes for chromosomes 7 and 17) were the genetic
markers significantly associated with progression in NDBE. Age and
length of circumferential BE were the other factors associated with
progression. Age and the number of abnormal FISH markers remained
significant predictors of progression on multivariable analysis. A model
comprising of age, length of circumferential BE, and the number of
abnormal markers had a 99% negative predictive value—i.e., 99% of
patients would be correctly classified as non-progressors. Its positive
predictive value, however, was only 9%. Hence, the panel appeared to
be more helpful in identifying a low-risk group than a high risk group
[38].

Models to predict risk of progression

Some investigators have attempted to develop models to predict the risk of
progression using multiple clinical and biomarker-related variables. Using data
from 2697 patients from a multicenter cohort, a risk assessment score using
only clinical variables was recently proposed to predict the risk of progression to
HGD or EAC (Table 4). This score has four components, each given a specific
score—male gender (9 points), cigarette smoking (ever smoker getting 5
points), and length of BE segment (1 point for every 1-cm increase in length, up
to a maximum of 10 points) and confirmed LGD (11 points). The total score is
the sum of these four variables. Patients are divided into three categories
stratified by annual risk of progression—low risk (0–10 points, 0.13%/year),
intermediate risk (11–19 points, 0.73%/year), and high risk (9 20 points, 2.1%/
year). The study was limited by lack of histological confirmation of the presence
and degree of neoplasia by expert pathologists. Risk factors such as age, BMI,
and medications (e.g., aspirin, NSAIDs, statin, and PPIs) were not significant
predictors of progression of BE in this model [39••]. This score needs to be
externally validated.

A second proposed BE progression prediction model is based on the field
effect of cancer—i.e., pre-neoplastic changes in morphology and gene expres-
sion that surround areas of HGD or EAC (Table 4). The premise of this model is
that detection of these alterations before progression (e.g., at index endoscopy
which shows either NDBE, IND, or LGD) could potentially guide closer sur-
veillance in those predicated to be at higher risk of progression. Using a case
(patients who had HGD/EAC on repeat endoscopy within 1 year, or had prior
history of treatment for HGD/EAC downgraded to NDBE/IND/LGD and then
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had recurrent HGD/EAC) and control (i.e., patients who did not progress to
HGD/EAC) study design and 15 variables including a combination of mor-
phologic features and molecular marker expression, the authors created a
model that could distinguish progressors from non-progressors with an area
under the curve of 0.89 (Fig. 3). When progressors were subdivided into (a)
those that were previously treated for HGD/EAC followed by regression to
NDBE/IND/LGD or (b) those with no prior history of treatment for HGD/EAC,
the model still predicted the development of HGD/EAC with good accuracy in
either group (AUC 0.93 and 0.88, respectively). The advantage of this method
was that it used automated image analysis of paraffin-embedded sections of
mucosal biopsies thereby reducing inter-observer variability. Biomarker ex-
pression was assessed by immunofluorescence. The features extracted by the
image analysis programwere used to create a computer model which assigned a
score from zero to 10. Based on the score, patients were divided into one of
three categories—low, intermediate, or high risk for progression to HGD/EAC.
Interestingly, the study found that in a patient with NDBE at one level and LGD
at another level who progressed to HGD, the risk score was the same for the
areas with NDBE and LGD, suggesting that the molecular changes due to the
field effect do precedemorphologic changes. One of the strengths of this model
was that the diagnosis of BE and dysplasia was evaluated by three expert GI
pathologists [40••].

Conclusions

Progression of BE to HGD or EAC is affected by patient demographics, lifestyle,
medications, endoscopic features, and molecular markers. Recently, models
have been described that help to stratify risk of progression better. Further
studies are needed to validate these models and identify optimal strategies for

Fig. 3. An AUC curve compares the performance of a score using 15 features derived from automated image analysis to that of p53
in distinguishing progressors (HGD/EAC on repeat endoscopy within 1 year or previously treated HGD/EAC that returned to
NDBE/LGD/IND followed by HGD/EAC on repeat endoscopy) from non-progressors (no HGD/EAC on follow-up).
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surveillance or therapy in patients at high risk of progression as well as deter-
mine their true negative predictive value.
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