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The EsophaCap™ DNA methylation biomarker validation
study by Wang, Kambhampati and colleagues (1) follows a
spade of reports (summarized in 7able 1) aiming to develop
screening tests for Barrett’s esophagus (BE). BE is a non-
malignant metaplastic condition with little or no clinical
symptoms. Arguably, the main importance of diagnosing
BE is the increased risk of the patient to progress to
esophageal adenocarcinoma (EAC). EAC has surpassed
esophageal squamous cell carcinoma as the most common
histological type of esophageal cancer in Western countries
and its incidence is predicted to grow, possibly associated
with life style and obesity (6,7). The majority of EAC are
diagnosed at late stages, when it is associated with poor
survival (6). Early detection and eradication at dysplasia
stages is associated with improved survival (8). To detect early
dysplastic changes, BE patients routinely undergo endoscopic
surveillance, but endoscopic screening is currently
recommended only for patients with multiple risk factors
(Figure 1), due to the invasive nature the procedure (9,10).
Although newer techniques such as transnasal endoscopy
(11,12) and capsule endoscopy (13-15) do not require
patient sedation, they are still considered invasive. A less
invasive biomarker-based test with high sensitivity and
specificity in detecting early EAC or dysplasia will be a
game changer in the diagnosis and patient outcomes for
this aggressive cancer. Therefore, recent research efforts
have focussed on molecular biomarkers for less invasive
tests for BE screening and surveillance. As summarized in

Table 1, Cytosponge™ (3) and inflatable balloon (2), and
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now EsophaCap™ (1,5) have been tested as alternatives
for esophagogastroduodenoscopy, with favourable patient
preference for the non-endoscopic procedures, and
high completion rates (2,3,5). Unfortunately, different
methylation biomarker candidates were measured, hence
the performance between modes of sampling and diagnostic
value of biomarker candidates/panels could not be
separated.

Biomarker development involves multiple phases,
broadly termed discovery, qualification and (multiple)
validation. Not all biomarker candidates are expected to pass
through all stages. Apart from biological differences of the
cohorts, changes in sample type and/or technical pipelines
can contribute to biomarkers failing to validate between
phases. The current paper by Wang er al. (1) followed up
eight methylation biomarkers previously reported by this
team as tissue-based biomarkers for BE and BE progression
to high-grade dysplasia/EAC. In this study, the group
used EsophaCap™-based cytology sampling to evaluate
biomarker performance for BE detection. While the cohort
size is relatively modest, this is the only study that evaluated
statistical model in a separate test set (see Table 1).

Although the current study (1), and the 2018 study by
Iyer et al. (5) both evaluated the EsophaCap™ sponge
device for cytological sampling, there are many differences.
Apart from the different biomarker panels, Iyer et al.
reported 38.0 and 30.8 pg of DNA yield using 100 and
20 ppi sponge (5) while the DNA yield in the current
study is 5.7 pg (1). Furthermore, Iyer er al. (5) reported
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Table 1 Evaluation of biomarker candidates for BE screening in cytology samples collected by non-endoscopic techniques

Sampling technique  Biomarker candidates tested Sensitivity (%) Specificity (%) Sample size References

Balloon VIM, and CCNA1 methylation 88.0 91.7 Control =36, Cases =50 )
(combined model)

Cytosponge™ TFF3 protein expression 79.9 92.4 Control =445, Cases =596 (©)]
TFPI2, TWIST1, ZNF345, and 78.5,69.8,62.4, 96.9,93.0, 100.0, 99.2, Control =129, Cases =149 4)
ZNF569 methylation 59.1, respectively respectively

EsophaCap™ VAV3, and ZNF682 methylation 100.0 100.0 Control =20, Cases =19 (5)

(combined model)

p16, NELL1, AKAP12, and
TAC1 methylation + age

94.4% for training  62.2% for training set Control =34 Cases =18 for
set and 78.6% for

and 92.8% for test set  training set; and Control

(combined Lasso model) test set =14, Cases =14 for test set
n wy r
Current scenario A " 4 Ideal future scenario
T~ /_/
. / . . .
— General population Screening broader at-risk population
e.g., EsophaCap™, CytoSponge™, blood biomarker,
/ N e-nose etc.
Screening high-risk patients [e.g., obese, age
> 50 years, family history of EAC, chronic
gastroesophageal reflux disease (GERD)] using o o
. Research Identification of Barrett’s esophagus with risk
endoscopy-biopsy B o ;
Direction prediction for progression

Identification of Barrett’s esophagus

Surveillance by endoscopy-biopsy to detect dysplastic
& early neoplastic changes

40% of EAC without chronic GERD

Treatment using ablation techniques

Esophageal adenocarcinoma

Surveillance using minimally invasive test e.g., blood
biomarker, tissue cytology etc.

Confirmatory endoscopy-biopsy and treatment
of high-grade dysplasia with ablation
techniques

Reduced burden of esophageal adenocarcinoma

Figure 1 The current scenario of patient management, compared with the ideal future scenario of screening and surveillance towards

reduced burden of EAC. EAC, esophageal adenocarcinoma.

correlation between BE length and methylation levels of
target genes while Wang ez 4/. did not report analysis of BE
length (1). As cytological sponge sampling is a low yield
procedure without image guidance, it is important to know
if the correlation exists between length of BE tissue and
levels of biomarker candidate. A previous study by Chettouh
et al. (4) also reported correlation of cytology methylation
biomarkers with BE length.

A variety of statistical approaches were applied by Wang
et al. (1) to develop biomarker panels. Age was included
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as a variable in all multimarker models, however, as both
training and test cohorts showed significant difference
in age of the control and BE groups, this may have been
confounding factor. In the test set, age alone could predict
BE with 80% accuracy. This is probably why the AUROC is
higher in the test set than in the training set. It would have
been interesting to understand how much of the predictive
power of the model is due to the markers alone, without age
in the model. Indeed, methylation of genes are reported to
alter with age (4), hence this aspect should be re-evaluated.
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Another unusual feature of the prospective cohort reported
by Wang et al. (1) is the high proportion of BE compared
to the literature due to gastrointestinal symptoms described
in cases. It is plausible that ability of biomarker candidates
tested in this cohort will differ in any future validation
studies in independent cohorts with lower rates (i.e., more
realistic rates) of BE diagnosis.

While evaluating different types of omics data, it is
necessary to consider the mathematical properties of
each omics data. For example, the DNA methylation
values presented by Wang er 4/. (1) tend to be skewed
[see Figure 3 of Wang er al. (1)]. The asymmetric data
distribution affects the Lasso regression models, similarly
to traditional logistic regression. Considering the data
distribution, perhaps the most skewed markers would
have performed better if they had been log transformed.
Furthermore, Lasso regression tends to select a single
variable from groups of correlated variables and so
potentially predictive markers can be interpreted as not
predictive due to their correlation to other markers in the
set. Hence, it would have been interesting also to see the
correlations between the markers, including demographic
variable. Presentation of dichotomized demographic data [as
means, standard errors and P values in Table S2 of Wang
et al. (1)] are actually not meaningful for highly skewed data.

As a large proportion of EAC cases arises with no
prior diagnosis of BE or chronic reflux (16), non-invasive
screening in broader population is needed to reduce EAC
burden. While it is encouraging to see much activity in
non-invasive diagnosis of BE. However, the true utility
of screening and increasing diagnosis of BE needs to be
considered. In contrast to colon cancer where adenoma
(dysplasia) detection and therapy can be performed at same
setting, screening early dysplastic Barrett’s and halting
progression to high-grade dysplasia and adenocarcinoma
is not as simple. As currently general treatment is not
recommended for non-dysplastic BE, a diagnosis of BE
can lead to anxiety and potentially overtreatment (17).
Moreover, overdiagnosis of BE will result into larger patient
pool to be surveilled using endoscopic techniques which
may lead to increased economic burden on the healthcare
system. Therefore, a more effective goal would be screening
for dysplasia or EAC in patients having several risk factors
for EAC. Risk prediction models could be used for such a
directed screening strategy (Figure I). Indeed, the BETS2
trial used the Cytosponge™ device with a biomarker panel
to derive a risk prediction model consisting of glandular
atypia, P53 abnormality, and Aurora kinase A positivity, age,
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waist-to-hip ratio, and length of the BE segment (18). The
latter parameter requires endoscopic investigation though.

For even less invasive sampling, blood biomarkers as
surrogates are an attractive option. To this end, our group
has validated serum glycoprotein biomarkers that may be
useful for detecting high-grade dysplasia and EAC from
non-dysplastic BE and BE with low-grade dysplasia (19).
Compared to cytology and transnasal endoscopy, blood
biomarkers are less costly and can be easily conducted at
primary care sites. In addition to proteins, miRINA changes
in the serum related to dysplasia/EAC have also shown
promise as surrogate biomarkers (20). Last but not the
least, Chan and colleagues compared ‘breath print’ of BE
and non-BE individuals using e-nose device and could
differentiate BE from normal individuals with AUROC of
0.79 (21). All of these candidate biomarkers require multi-
cohort validation including early dysplastic condition
with longitudinal study design. With emergence of novel
technologies, more than one screening/surveillance
modality may be available to clinicians for selection to
tailor for individual patient management. Such multiple
ways of patient screening/monitoring are already
available for colon cancer (e.g., colonoscopy, annual fecal
immunochemical test, or DNA based testing). However,
this translational journey for BE detection/monitoring
from bench-to-bedside will be long and require rigorous
clinical validation.

In conclusion, recent studies report promising results
in molecular markers for non-invasive diagnosis of BE,
and/or EAC. Due to the overall low incidence rate of
dysplasia diagnosis and progression to EAC, multi-site
collaborative studies are needed to fully evaluate the clinical
utility of these markers. Critical evaluation of the clinical
pathways should be conducted, to ensure the trials address
actionable clinical needs and not lead to overdiagnosis and
overtreatment. If an appropriate point-of-care tool could
be standardized to detect at-risk BE patients, subsequently
an intensive surveillance protocol for this risk group with
enhanced imaging guided endoscopy (22) could be applied
to detect dysplasia and treat these patients using ablative
modalities. With development and implementation of
non-invasive tests and risk prediction algorithms, the ideal
scenario for EAC prevention through screening (Figure I)
may become a future reality.
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