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The incidence of several cancers, including colorectal 
cancer, has plateaued or even declined in recent years (1).  
Unfortunately, we have not seen a similar decrease in 
the incidence of esophageal adenocarcinoma (EAC). If 
anything, modeling studies estimate that deaths from EAC 
will continue to increase until 2030, eventually leading to 
nearly twice the number of deaths seen during the previous 
20 years (2). This grim forecast is a consequence of EAC 
being challenging to treat as it is typically diagnosed in 
later stages, when cure by surgical resection or multimodal 
therapy is no longer possible (3). For this reason, improved 
early detection of EAC or its precursor lesion, Barrett’s 
esophagus (BE), is one strategy that has been proposed to 
reduce EAC mortality.

It is accepted that the vast majority of EAC is derived 
from BE, which is metaplastic epithelium in the esophagus 
that presumably arises to protect the esophagus against an 
ongoing barrage of gastric contents, including hydrochloric 
and bile acids and other damaging substances (4). BE has 
been recognized for two decades to be associated with a risk 
for EAC. In landmark studies in the late 1990s, Haggitt, 
Reid, and others demonstrated that non-dysplastic BE can 
progress via a series of histologic steps: first to BE with 
low-grade dysplasia, then to BE with high-grade dysplasia, 
and ultimately to EAC (5,6). Progression from BE to EAC 
only occurs in a minority of individuals, with the annual 
risk of EAC developing from BE currently estimated to be  
0.11–0.33% (7).

BE is currently diagnosed in persons undergoing upper 
endoscopy for a variety of reasons, including in those 
with concerning symptoms (diagnostic endoscopy) or in 
people at increased risk for BE secondary to advanced 
age, male gender, and obesity (screening endoscopy). At 
present, the diagnosis of BE relies upon both its classic 
endoscopic appearance and histopathologic confirmation 
of intestinal metaplasia in esophageal biopsies taken 
during the endoscopy (7). Prevalence estimates of BE in 
the population are difficult to calculate because it is an 
asymptomatic condition but are thought to be roughly 
15% of individuals with gastroesophageal reflux disease 
(GERD) and 1–2% of the general adult population (8). 
The impact of a diagnosis of BE is that periodic endoscopic 
surveillance is recommended, which can ultimately 
improve EAC survival by identifying earlier stage EAC.  
However, >90% of all EAC patients are unaware they 
had BE prior to their cancer diagnosis and are found with 
advanced-stage disease (9). Thus, it seems clear that we 
need to identify a greater proportion of the population with 
BE if we are to meaningfully reduce EAC deaths.

A major barrier to the identification of people with BE 
is that upper gastrointestinal (GI) tract endoscopy is the 
only screening test available. Although safe and accurate, 
endoscopy is an inconvenient and expensive screening test, 
which has led to controversy regarding the population 
health value of BE screening programs (4). This has led to 
intense interest in the development of an inexpensive, safe 
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and accurate BE screening test that is acceptable to patients. 
To this end, a variety of techniques are being developed 
that are less costly and less invasive than upper endoscopy 
and that could be deployed on a population level. The 
most mature and promising of these emerging assays are 
based on swallowable balloons or capsules that are tethered 
to a string or small tube that remains outside the patient’s 
mouth. After being swallowed, the string is used to retrieve 
the device and collect cellular material from the esophagus 
for analysis. Of the current devices, the EsophaCap and 
Cytosponge were the first iterations of the swallowable 
cytology collection devices and consist of an expandable 
sponge (10,11). The JASSS balloon is a second-generation 
device consisting of a sheathed balloon, which can minimize 
cellular contamination from the upper esophagus and 
mouth (12). Over the last few years, several promising 
studies that use novel molecular or immunohistochemistry-
based assays to detect BE from the material collected with 
these devices have been published (10-15) (Figure 1).

In a recent issue of Clinical Cancer Research, Wang et al. 
report on the accuracy of an assay using methylated DNA 
biomarkers collected with the EsophaCap swallowable 
device to diagnose BE (16). As noted above, the EsophaCap, 
which has also been evaluated in another recent study (11),  
consists of a polyurethane foam sphere attached to a 
filament. The sphere is compressed and packaged within a 
gelatin capsule. After it is swallowed, the capsule dissolves 
in the patient’s stomach after several minutes, and then the 
foam sphere is retrieved using the tethered string, capturing 
gastric and esophageal cells during its egress.

Wang et al evaluated 80 symptomatic patients referred 
for upper endoscopy at Johns Hopkins University from 

2016–2018, dividing them into training (N=52) and test 
(N=28) sets. The EsophaCap device was swallowed and 
retrieved prior to endoscopy. DNA collected from the 
sponge after retrieval was analyzed using a relatively new 
technique called “Methylation on Beads” (MOB), which 
facilitates the detection of small amounts of methylated 
DNA. DNA was analyzed using quantitative methylation-
specific PCR (qMSP) to determine the methylation levels of 
8 previously selected candidate genes that have been shown 
to be methylated in BE and to possibly predict the risk of 
progression to EAC (17).

Importantly, the researchers were able to capture 
sufficient cellular material for their analyses using the 
EsophaCap device. The device was well tolerated and not 
associated with any complications, although the authors did 
not include participant feedback regarding their impressions 
of the device. Eighty/94 (85%) of participants were able to 
swallow the device.

In the training set, methylation levels of 5 of 8 candidate 
markers were higher in those with BE compared to 
controls (including CDKN2A/p16, HPP1, NELL1, TAC1, 
and AKAP12). The group analyzed the markers in several 
ways, but using a lasso regression model consisting of four 
biomarkers (CDKN2A/p16, NELL1, AKAP12, TAC1) plus 
age, they noted an area under the ROC curve (AUC) of 0.894, 
a sensitivity of 94.4% (95% CI: 71–99%), and a specificity of 
62.2% (95% CI: 44.6–77.3%). Using the same markers and 
model in an independent test set, they achieved an AUC of 
0.929, with a sensitivity of 78.6% (95% CI: 48.8–94.3%) and 
a specificity of 92.8% (95% CI: 64.1–99.6%).

Overall, the accuracy for BE detection using the 
EsophaCap device coupled with methylated DNA markers 
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Figure 1 Examples of three swallowable devices for diagnosing Barrett’s esophagus. (A) JASSS Balloon (image courtesy of Dr. Amitabh 
Chak). (B) Cytosponge (reprinted with permission from BioMed Central, originally published by Offman et al., BMC Cancer 2018;18:784). 
(C) EsophaCap (image courtesy of CapNostics, LLC).
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in this small patient population was comparable to other 
previously published studies that evaluated other molecular 
markers for BE using non-endoscopic cell collection devices 
(Table 1). It is worth noting that in this study individuals 
who had BE were significantly older than controls and that 
age was included as a variable in the assay. It should also be 
noted that the patient population studied by Wang et al was 
highly enriched in BE cases, including 18/52 participants 
(34.6%) in the training set and 14/28 (50.0%) in the test set, 
proportions that are much higher than would be expected in 
the general population or even in a subgroup of individuals 
with GERD. It is likely that the high specificity values, 
particularly in the test set, reflect the high proportion of 
BE cases and that one might expect the specificity to drop 
in a screening population, as false positives would expect to 
increase with decreasing prevalence.

To put these results into context, for a screening test to 
be effective, it must be acceptable to the target population, 
since compliance is central to a screening test being 
successful in reducing cancer-related death. The authors of 
this study did not include information regarding tolerability 
or test preference, although a previous study evaluating the 
EsophaCap device showed this device was well tolerated, 
with low pain, choking, gagging, and anxiety scores. 
Additionally, most participants stated they would undergo 
the procedure again to screen for BE and preferred the 
capsule sponge to upper endoscopy to detect Barrett’s (11). 
Similar swallowable devices, including the Cytosponge, 
have been given “good” acceptability ratings by participants 
in other studies (10).

Other prerequisites for swallowable devices to be 
effective for BE screening include: (I) a high swallowing 

success rate; (II) consistent and robust esophageal 
sample collection rate; and (III) ease of use in the clinic. 
In general, these devices appear to be quite effective at 
capturing enough cellular material for analysis (there were 
no reported cases of inadequate sampling in the Wang 
study), but there is room for improvement in terms of 
swallowability. In the study by Wang et al., the EsophaCap 
was successfully swallowed 85% of the time, although Iyer 
et al. had a 98% success rate using the EsophaCap (11). 
The Cytosponge was successfully swallowed 91% of the 
time in prior studies (10), and the first-generation JASSS 
balloon was swallowed by 82% of the subjects (12). Based 
on success rates of other screening tests, a non-endoscopic 
device should be swallowable by at least 90% of the subjects 
and ideally ≥95% of individuals in a screening population 
to maximize the impact of the assay on screening. With 
further refinements to these devices, this should be readily 
achievable.

The impetus behind these and similar studies comes 
from the recognized need for safe, effective, inexpensive, 
and less invasive screening methods that can be applied to 
large populations. In addition to swallowable balloons and 
sponges, other devices, including a disposable transnasal 
video capsule (EG Scan) (18), a tethered optical coherence 
tomographic imaging capsule (19), detection of volatile 
organic compounds (VOC) (20), and blood-based detection 
of microRNAs (21), are being actively investigated as tools 
to detect BE. Outstanding updates on these emerging 
methods and the goals and pitfalls of implementing “mass 
screening” for BE have recently been published (22,23).

At the heart of the issue of mass screening for BE is 
defining the appropriate target screening population 

Table 1 Accuracy of swallowable devices for diagnosing Barrett’s esophagus

Study Device Biomarker(s) Sensitivity Specificity AUC

Wang, 2019 (16) EsophaCap p16 + NELL1 + AKAP12 
+ TAC1 + age

94.4% (train),  
78.6% (test)

62.2% (train),  
92.8% (test)

0.883 (train),  
0.929 (test)

Iyer, 2018 (11) EsophaCap VAV3 + ZNF682 100% 100% 1.000

Moinova, 2018 (12) JASSS balloon CCNA1 + VIM 90.3% 91.7% –

Chettouh, 2018 (13) Cytosponge TFPI2, TWIST1, ZNF345, 
ZNF569

78.5% (TFPI2) 96.9% (TFPI2) 0.877 (TFPI2)

Ross-Innes, 2015 (14) Cytosponge TFF3 79.9% (overall),  
87.2% (≥3 cm BE)

92.4% –

Kadri, 2010 (15) Cytosponge TFF3 73.3% (≥1 cm BE), 
90.0% (≥2 cm BE)

93.8% (≥1cm BE), 
93.5% (≥2cm BE)

–

‘Train’ and ‘test’ refer to training and testing sets, respectively.
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that will benefit from this intervention. Guidelines from 
professional GI societies are imprecise but suggest that 
clinicians consider screening for BE for individuals with 
chronic symptoms of GERD and additional risk factors for 
BE or EAC, including Caucasian race, age over 50 years, 
presence of central obesity, etc. (4,7). A population with 
GERD has a six-fold increased risk of EAC compared to a 
control population (23), however, a screening strategy based 
on GERD symptoms will miss the 40% of people with 
EAC who deny any prior reflux symptoms (24). A recently 
published model suggested that screening the 20% of the 
U.S. population with GERD would account for 52% of the 
EAC cancer cases (23,25). One of the reasons to limit the 
number of people who are currently eligible for screening 
is the cost and invasiveness of endoscopy-based screening. 
The adoption of screening programs based on swallowable 
devices would mitigate these factors and would be more 
readily available than endoscopy-based programs because a 
trained endoscopist is not needed.

A particularly timely and exciting aspect of these 
studies showing the feasibility of swallowable device-
based molecular BE screening assays is the advent of 
effective endoscopic treatment therapies that can eradicate 
dysplastic Barrett’s and early-stage EAC without the need 
for esophagectomy. To realize the potential impact of these 
emerging BE biomarker assays, larger prospective trials in 
targeted populations, such as the ongoing BEST3 study 
with the Cytosponge and clinical trials supported by the 
BETRNET, EDRN, and GI SPORE mechanisms, are 
necessary to further establish that these devices are safe, 
accurate, easy to administer, and cost-effective. If these 
studies show that swallowable device-based methods are 
effective and more people are screened for BE, issues 
related to overdiagnosis and overtreatment will need to be 
addressed, as will the need for non-endoscopic surveillance 
methods that are inexpensive, accurate and safe. There 
are also ongoing studies to determine the potential for 
molecular assays that use the swallowable devices to be used 
for surveillance of high-grade dysplasia and early EAC. 
Ultimately, we will need to reach a consensus about how 
to implement the most effective BE screening system if 
programmatic testing is to diminish the number of EAC 
cases predicted to come in the near future.
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