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Synopsis

Barrett’s esophagus (BE) predisposes patients to esophageal adenocarcinoma (EAC). 3 to 6% of
individuals with gastro-esophageal reflux disease (GERD) are estimated to have BE but only 20 to
25% of BE patients are currently diagnosed. With effective endoscopic treatment methods for
dysplasia and early cancer having shifted the balance in favour of screening an acceptable and
affordable screening strategy is now required. The current gold standard for diagnosis of BE is
per-oral upper Gl endoscopy (EGD). As this is not suitable for large-scale screening, a number of
alternative methods are currently being investigated: transnasal and video capsule endoscopy,
endomicroscopy, cell collection devices like the cytosponge and biomarkers. Some of these are
promising; however, the majority of studies were carried out in BE enriched populations mostly in
secondary care, so it is not possible to extrapolate to screening populations. Instead, well powered
studies carried out in the relevant populations are needed.
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Introduction

The incidence of gastroesophageal reflux disease (GERD) has increased world-wide in the
last 40 years1. One of the complications of GERD is Barrett’s esophagus (BE), where
esophageal squamous epithelium is replaced with columnar epithelium (metaplasia)2, a
process which can be viewed as a teleological adaptation to reflux. BE predisposes patients
to esophageal adenocarcinoma (EAC), a cancer with a very poor prognosis carrying an
overall 5-year survival of less than 15%3,4. Furthermore, the incidence of EACs has
increased dramatically in high income countries in the last 30 years5-7. Since GERD and

Corresponding author: Dr Judith Offman, Centre for Cancer Prevention, Wolfson Institute of Preventive Medicine, Barts and The
London School of Medicine and Dentistry, Queen Mary, University of London, Charterhouse Square, London EC1M 6BQ, UK,
j.m.offman@qgmul.ac.uk.

Conflicts of interest

The authors disclose the following: R.C.F. holds patents on the Cytosponge technology, which has been licensed by MRC Technology
to Covidien GI Solutions (now Medtronic). R.C.F. has no direct financial arrangement with Metronic. J.O. has no conflict of interest to
declare.



s1duosnuBIA Joyiny sispund DN edoin3 ¢

s1dLIOSNUBIA JoLINY sispund DN 8doin3 ¢

Offman and Fitzgerald Page 2

obesity, which are the main risk factors linked to BE and EAC8-10, are still increasing, EAC
rates have been projected to also further increase6.

More than 50% of EAC cases are diagnosed in patients with GERD, who are presenting with
alarm symptoms when the cancer is typically advanced11,12. Furthermore, it is estimated
that only 20 to 25% of patients with the pre-malignant condition BE are diagnosed. Hence
there is little chance of altering the population mortality from EAC through BE surveillance
and endoscopic treatment regimes12,13. For those patients who are diagnosed with BE the
impact of surveillance programmes is controversial11,14-16. However, when performed
well surveillance of BE patients can significantly improve EAC outcomes including cancer-
related mortality, especially more recently using outpatient based endoscopic therapies for
early disease, which obviate the requirement for surgical intervention17. The question
therefore arises whether screening could reduce mortality from oesophageal cancer.
Screening should be aimed at detecting early stage cancer, when it is easier to treat, or
precancerous stages, when development of cancer can be prevented by removing the pre-
cancerous lesion. Screening programmes have already been implemented for several
cancers, for example cervical or breast cancer.

Rationale for Screening

To prevent oesophageal cancer screening would be aiming to detect BE. The evidence would
suggest that such a programme would be in line with the Wilson and Jungner criteria for the
selection of conditions suitable for screening18:

. The condition should be an important health problem:
O The incidence of EAC is increasing in the western world5-7.

@) The survival is <15% at 5 years3,4.

There should a recognizable latent stage:

O BE is a pre-cancerous stage with a long natural history that can be
recognised by endoscopy and biopsy.

There should be suitable treatments available:

O Endoscopic intervention, using endoscopic resection and ablation
techniques can prevent progression from dysplasia to carcinomal9,20.

. Early detection should lead to a more favorable prognosis:

O Patients with EAC diagnosed at an early stage (1 and 2) have a far
better survival than patients diagnosed at stage 3 or 43,21.

O Evidence is currently not conclusive whether individuals diagnosed
through surveillance programs experience improved survival12.

The magnitude of the problem is likely to be large since between 3 and 6% of individuals
with GERD are estimated to have BE22. Therefore, in order to identify this number of cases
an affordable screening strategy, which is acceptable to the relevant population, is required.
Currently diagnosis of BE has been dependent on per-oral upper Gl endoscopy (EGD), see
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Fig. 1A for example diagnostic image. However, this is not suitable for population screening
due to the invasive and expensive nature of the test. EGD does not only costs on average
£650 or $866 per patient23, but also incurs indirect costs due to patients having to take time
off work and require being accompanied24.

Current Guidelines for Diagnosis of BE

The latest guidelines for the diagnosis of BE by the American College of Gastroenterology
(ACQ), British Society of Gastroenterology (BSG), Danish Society for Gastroenterology
and Hepatology (DSGH), French Society of Digestive Endoscopy (FSDE), and Cancer
Council Australia (CCA) all recommend the following:25-29

- EGD is considered as the gold standard.
- Diagnosis should be based on visual evidence of columnar-lined epithelium.
- The length of the BE segment should be recorded using Prague criteria.

- Histological confirmation with biopsies using the Seattle protocol should be
performed.

However, their recommendations for screening for BE differ and are summarized in Table 1.
None of the national guidelines recommend a population screening program, and, where
discussed, it relies on endoscopy and is only recommended for patients with chronic GERD
and several risk factors for BE and EAC. Despite general discussions of alternative screening
methods, only the ACG guidelines suggest the use of an alternative screening method, which
is unsedated transnasal endoscopy (TNE)25.

Evaluating Novel Screening Test

A diagnostic screening test for BE should be accurate and cost effective when applied on a
population level. Furthermore, it should be simple to administer and acceptable to patients,
so would ideally be performed in a non-hospital setting, for example, in a GP surgery.

When evaluating the performance of a novel clinical test, the most commonly used measures
are sensitivity, specificity, predictive value, likelihood ratio and under the receiver operating
characteristic curve. An ideal screening test would be both highly sensitive, meaning with
few false negative results, i.e. few actual cases are missed, and highly specific, meaning
producing few false positive results, i.e. resulting in few subjects without the disease having
to undergo follow-up procedures30. Suitable sensitivity and specificity should be
individually assessed for each test and healthcare setting. For example, a screening test with
low specificity would result in many individuals without BE having to undergo endoscopy,
which would not be suitable in a healthcare setting with overstretched endoscopy clinics.

It is a common misconception that sensitivity and specificity of a test do not vary with
disease prevalence enabling comparison between different study populations. However, a
number of studies have shown that test sensitivity and specificity are not as stable as
assumed31,32, and do vary with the prevalence and distribution of the disease in the sample
population due to an effect called ‘spectrum bias’ or ‘spectrum effect’33. For example,
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variation in disease prevalence between different study populations may result in differences
of symptoms and disease severity, in turn resulting in variations of test sensitivity and
specificity. In the case of BE, patients undergoing regular surveillance might, on average,
have longer Barrett’s fragments than undiagnosed patients in a screening population, which
could impact on test sensitivity and specificity. As the prevalence of BE is low in the
screening population of interest, namely patients with chronic GERD, large studies would be
required to accurately calculate measures of test accuracy like sensitivity and specificity. As
this is often not possible, new tests are commonly validated in populations comprising a
large proportion of BE patients undergoing surveillance, as can be seen in the studies cited
below. Care must therefore be taken when comparing the performance of tests evaluated in
different populations and interpreting test performances.

Novel Screening Methods

A number of alternative methods to EGD are currently being investigated, which are
summarized below and in Table 2.

Endoscopic Screening

Transnasal endoscopy—TNE is a less invasive alternative for visualizing the esophagus
(Fig. 2B). This procedure uses a thinner caliber scope, less than 6 mm in diameter34. It can
be performed using only topical anesthetic, thus avoiding sedation, as gagging is prevented
by avoiding contact with the root of the tongue, as would occur during oral intubation.
Furthermore, the more compact design of TNE equipment and the use of disposable
transnasal endosheeth endoscopy (TEE) (Fig. 2C) obviating the need for sterilization would
allow office or mobile unit based screening35,36.

Three randomized, cross-over studies in GERD populations enriched with up to about 50%
of BE surveillance patients compared the efficacy of TNE with EGD to detect BE. Jobe and
colleagues compared unsedated office based TNE (Olympus, small caliber, diameter 5.1mm)
with EGD in a study of 121 individuals, and estimated the sensitivity for diagnosis of BE to
be 84%37. The agreement between the two approaches, however, was only moderate
(kappa=0.591). Patients undergoing EGD experienced significantly more anxiety, pain,
gagging and choking. Using an ultrathin endoscope (EG530N; Fujinon, diameter 5.9mm)
Shariff and colleagues found in a study of 95 individuals that TNE was an accurate and well-
tolerated method for diagnosing BE with a sensitivity and specificity of 98% and 100%
respectively38. Furthermore, they observed high correlation between the two modalities (R?
= 0.97; P<0.001). Shariff and colleagues also investigated TEE in a small pilot study in 25
BE patients and controls39. Compared to EGD, TEE had a sensitivity and specificity of
100% for endoscopy diagnosis, but lower sensitivity (66.7%) for histologic diagnosis.
Furthermore, the mean optical quality of EGD was significantly better (Fig.1).

Sami and colleagues carried out a systematic review and meta-analysis to estimate the
patient preference and acceptability of unsedated TNE40. The pooled difference in
proportion of patients who preferred TNE over EGD was 63% (95% Cl, 49.0-76.0, 10
studies) and acceptability was high for TNE (85.2%; 95% ClI, 79.1-89.9; 16 studies). This
included the two studies by Jobe et al. and Shariff et al. (2012) who found that the majority,
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71% and 59% of patients expressed a preference for TNE37. Patients also reported a
significantly better experience with TEE, preferring TEE to EGD 38,39. However, a
prospective randomised controlled trial in a community population of over 400 patients did
not observe increased participation rates for TEE when comparing invitations to EGD, TEE
in a mobile van or TEE in a hospital outpatient unit35. Furthermore, the cost of ultrathin
devices is comparable to standard endoscopes limiting its use to population screening of
high risk patients. In addition, to fully assess the suitability of TEE for population screening
the accuracy would have to be assessed in a large screening cohort in a community setting.

Video capsule endoscopy—Esophageal capsules endoscopy (ECE) allows direct hon-
invasive visualization of the esophagus, which does not require sedation, but also does not
allow for taking of biopsies. The majority of studies using this technology for the diagnosis
of BE were carried out using an untethered dual-camera wireless capsule endoscope
(PillCam ESO), which was approved by the FDA in 200441, however, tethered cameras have
also been used (Table 2). A meta-analysis of the diagnostic accuracy of ECE for BE in
patients with GERD found nine studies comprising a total of 618 patients42. They estimated
the pooled sensitivity and specificity of ECE for the diagnosis of BE overall to be 77% and
86% respectively (no confidence intervals were provided). There was some variation in
specificity observed when they either included studies using EGD (90%) or histologically
confirmed intestinal metaplasia (IM) (73%) as the reference standard, however, the
sensitivity remained the same (78%). The majority of study populations consisted of a
combination of screening and BE surveillance populations, however, two of the studies
included screening patients only. These two studies of 77 and 100 GERD patients reported
sensitivities of 60% and 78% and specificities of 100% and 89% respectively43,44.
Chavalitdhamrong and colleagues carried out a retrospective review of 502 ECE Pillcam™
ESO (Given Imaging) video files for patients with GERD to assessing ECE video
imaging45. They identified 12 BE patients, which we used to estimate the sensitivity for BE
diagnosis as 83% and 50% compared to visual inspection by EGD and histological
confirmation with IM respectively. ECE was found to be safe in all studies; however, patient
preference was only investigated in one study, where 81% of patients preferred ECE to
EGDA43.

When the cost effectiveness of ECE compared to EGD was investigated though, the costs
were found to be very similar, and the ability to perform the procedure without sedation is
negated by the cost of ECE capsule and equipment24. Despite its attractiveness for
screening as it is safe and does not require sedation, its costs currently seem prohibitive.
Furthermore, this tool would have to be tested in an appropriate screening population to
accurately estimate its accuracy.

Volumetric laser endomicroscopy—\Volume laser endomicroscopy (VLE) is a new
generation optical coherence tomography which produces high-resolution cross-sectional
images of the esophagus. Tearney and colleagues have developed a tethered capsule
microendoscopy, which involves swallowing an optomechanically engineered capsule that
uses optical frequency domain imaging (OFDI) technology to provide three-dimensional
microscopic images of the digestive organs46. OFDI has previously been shown to have
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capability for the diagnosis of BE47. As the capsule travels through the digestive tract it
captures cross-sectional microscopic images at 30 um (lateral) x 7 um (axial), which can be
used to reconstruct a three-dimensional microscopic representation of the entire organ. In a
small, proof of principle study in 7 healthy and 6 BE patients, this technology produced
endomicroscopic images of the esophageal mucosa, which could distinguish between
patients with and without BE46. Furthermore, 12 of the subjects reported a preference for
tethered capsule endomicroscopy over EGD. Once the capsule is withdrawn it can be
disinfected for reuse, making it potentially inexpensive and feasible to be used for
population screening.

A commercially available OFDI-based imaging system (Nivision VVLE System) was
evaluated in a safety and feasibility study of 100 patients with BE, where the procedure was
shown to be safe. VLE was successfully performed in 87 cases, enabling visualization of the
mucosa and submucosa48. 120 stored Nivision VLE images of BE patients with and without
dysplasia were evaluated retrospectively blinded to endoscopic and clinical findings49. As
OCT and VLE are limited in differentiating between low-grade dysplasia and non-dysplastic
BE they were combined in one group (non-dysplastic BE). The overall agreement between
users was excellent (kappa = 0.81; 95% ClI, 0.79-0.83) when combining non-neoplastic BE
and neoplastic BE, however, it was lower for non-dysplastic BE with kappa = 0.66 (95% ClI,
0.63-0.69). Compared to EGD, the sensitivity and specificity for non-neoplastic BE (non-
dysplastic and low grade dysplasia) was 88% (95%ClI, 83%-91%) and 92% (95% ClI,
90%-94%) respectively. Even though this is a very promising new technology, the resolution
of these images is still poor and the technology requires further development. It also needs to
be tested in a number of prospective controlled trials, both in BE and screening populations,
to assess suitability for BE screening in a GERD population. For all of these imaging
modalities one question that remains is whether an optical diagnosis can suffice without a
tissue sample. With the current state of the art it is likely that a tissue biopsy will still be
required to confirm the findings from these technologies.

Non-Endoscopic Screening

The non-endoscopic screening methods described below are less invasive than endoscopic
methods and can be more readily carried out in primary care, resulting in higher
acceptability for patients. In addition, by removing the requirement for a skilled operator,
there is also the potential to reduce the cost.

Cell collection devices—A number of relatively simple and low cost non-endoscopic
devices, including inflatable balloons and sponges have been developed for collection of
esophageal samples. An early study evaluated the use of a cytology balloon for specimen
collection from 10 BE patients, however, this device did not collect columnar cells from any
of the patients, so was not suitable for BE screening50. Another pilot study investigated the
use of a prototype flexible mesh catheter for the diagnosis of BE in patients undergoing
surveillance51. Of the 11 BE patients in the study adequate specimens, defined as the
presence of at least one glandular cell group, were obtained from 8 patients (73%) and the
sensitivity amongst adequate samples was 87.5%. However, even though balloon cytology
had a high sensitivity for EAC or BE with high grade dysplasia (80%), the sensitivity was
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significantly lower for BE with low grade dysplasia or without dysplasia (56%) when tested
in a surveillance population52.

The combination of a modified cell collection device with a biomarker has proven more
successful. The Cytosponge™ is a cell collection device developed at Cambridge University
in the UK. It is composed of a reticulated foam sphere approximately 30 mm in diameter
compressed within a gelatin capsule and attached to a string (Fig. 2A and B). The patient
swallows the capsule while holding onto the string. The gelatin capsule dissolves after 5
minutes, allowing the sponge to expand and the sponge is pulled up from the stomach to the
esophagus and mouth (Figure 2C and D). The cells it collects from the gastro-esophageal
junction and the entire length of the esophagus are processed and assesses for the presence
of Trefoil Factor 3 (TFF3), a biomarker for BE (Fig. 2E). TFF3 was identified in a gene
expression study as a marker specifically for intestinal cells of BE, but not columnar cells
derived from the normal gastric cardia or upper airways53.

The Cytosponge™ device combined with the TFF3 test has been tested in 4 clinical studies
so far54-57. In an initial cohort study of over 500 GERD patients selected from patients
taking acid-suppressants in primary care the procedure was safe and the vast majority of
participants (99%) successfully swallowed the device56. Compared to EGD, the sensitivity
and specificity of the test were 73.3% (95% ClI, 44.9% - 92.2%) and 93.8% (95% ClI, 91.3%
- 95.8%) respectively for circumferential length of BE of 1cm or more (=C1) and 90.0%
(95% CI, 55.5% - 99.6%) and 93.3% (95% CI, 90.9% - 95.5%) for segments of 2cm or more
(=C2). With 3% (15/501) of the study participants having an endoscopic diagnosis of BE,
the sample size was not powered adequately to obtain accurate estimates of the sensitivity
and specificity. A large case control study of over 1,000 patients (463 controls with
dyspepsia and 647 BE cases) allowed more accurate evaluation of the safety, accuracy and
acceptability of this test57. The overall sensitivity of the Cytosponge-TFF3 test in this
population was 79.9% (95% Cl, 76.4% - 83.0%) for >C1, which increased to 87.2% (95%
Cl, 83.0% - 90.6%) for =C3. The specificity was 92.4% (95% ClI, 89.5% - 94.7%). The
sensitivity increased to 89.7% (95% ClI, 82.3% - 94.8%) for patients having a repeat
procedure. A commercial version of the Cytosponge™ device in combination with the TFF3
test was found to have a higher overall sensitivity of 91.5% in a smaller prospective study
(73 patients)54.

The acceptability of the Cytosponge™-TFF3 test was high with 82% of participants
reporting low levels of anxiety before the test. Furthermore, the Cytosponge™ was rated
favorably compared to endoscopy (p<0.001). In a qualitative study investigating the
acceptability of the Cytosponge™ using interviews and focus groups the acceptability was
found to be high, and participants perceived the test to be more comfortable and practical
than endoscopy58.

It is noteworthy that the BEST1 and 2 trials have evaluated the accuracy and acceptability of
the Cytosponge™-TFF3 test in large, prospective trials; namely a large GERD patient
screening population (504 participants) to test feasibility and acceptability in primary care
and a large BE enriched population in tertiary care (1110 participants) to obtain more
accurate estimates of the test accuracy. Furthermore, a microsimulation of costs was carried
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out to compare the health benefits and cost effectiveness of screening for BE by either
Cytosponge™ or EGD vs no screening which suggested that the Cytosponge™ test could be
cost-effective when combined with endoscopic therapy59. This test therefore has the
characteristics for a clinically acceptable screening tool: suitability for primary care, high
acceptability and tolerability, low cost, and high accuracy. To further assess the suitability of
the Cytosponge™-TFF3 test the BESTS3 trial (Trial ID ISRCTN68382401) aiming to assess
whether invitation to a Cytosponge™-TFF3 test for patients with reflux symptoms will be
effective in increasing the detection of BE in primary care and to evaluate its cost
effectiveness is due to start in 2017. Patient acceptability will also be evaluated in the
BESTS trial.

Circulating molecular markers—A blood based screening test would be an appealing
alternative, as these tests are less invasive, pose minimal risk to patients, and can be carried
out in a primary care setting, all of which would increase patient acceptability and appeal.
One example is detection of circulating microRNAs (miRNAS) as a method for diagnosing
BE. miRNAs are approximately 21 to 25 nucleotides in length, are stable and can be
detected in circulating plasma60. They regulate numerous cellular processes and
dysregulation of their function has been associated with the pathogenesis of many diseases,
including cancer61,62. Eleven studies, seven of which specifically compared normal
epithelium and non-dysplastic BE, investigated microRNAs with high biomarker potential
for screening and disease monitoring in the esophageal epithelium63. Overall, five
biomarkers were identified as promising tissues markers for diagnosing BE. Russo and
colleagues confirmed that circulating miRNA levels of two of these markers, miR-145 and
miR-215, were significantly increased in BE compared to esophagitis controls64, however,
these were not further validated in a larger population. In another pilot study, a different
combination of two miRNAs, miR-194-5p and miR-451a, were significantly increased and
one, miR136, significantly decreased in BE compared to controls65. These were further
investigated in a larger validation study and a combination of four miRNAs were found to be
the most informative panel in distinguishing controls (15 patients) from BE (41 patients)
with sensitivity and specificity of 78.4% (95% CI, 61.8 — 90.2%) and 85.7% (95% Cl,
57.2% — 98.2%) respectively. A limitation of this study, however, was the fact that control
patients did not have reflux symptoms, so the changes of miRNAs levels identified could
simply be due to GERD. It seems feasible to detect BE using these blood based mi-RNA
markers, however, validation studies in larger cohorts are required.

A number of different circulating auto-antibodies, both alone and in combination, have also
been investigated for early detection of esophageal cancer66. However, even though studies
reported positive associations, the test sensitivities were too low and variability between
studies was high. Breath markers also represent an attractive method for cancer screening as
it is non-invasive, provides results quickly and is relatively cheap, however, studies are
currently limited. One study identified a panel of breath volatile organic compounds (VOCs)
that could be used to distinguish esophageal cancer from BE and begin conditions of the
upper gastro-intestinal tract, but these VOCs have not been investigated for diagnosis of BE
yet67.
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Conclusions

BE is a condition which fulfills the criteria for a screening test in order to reduce population
mortality from EAC. Endoscopy is the gold standard diagnostic tool, however, less invasive
and more cost effective alternatives are required. A number of technologies have been
studied some of which are promising; however the majority of studies were carried out in
high prevalence populations mostly in secondary care. As discussed it is not appropriate to
extrapolate the sensitivity and specificity of these new diagnostic tests developed and
validated in high prevalence secondary care populations to a screening scenario in a
population with low prevalence as this could result in a decrease in sensitivity and increase
in specificity31. Instead, well powered studies carried out in the relevant populations are
needed and hence careful consideration should be given to whether the test should be given
to an enriched population according to their level of risk. In addition, studies should include
evaluation of the acceptability and health economics before decisions can be made about
implementing a new test in standard clinical care.
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Key Points

Currently diagnosis of BE is dependent on endoscopy, however this is not
suitable for large-scale screening due to the invasive and expensive nature of
the test

Less invasive tools such as transnasal and video capsule endoscopy are
promising alternatives, but high costs are prohibitive for large-scale screening
at the moment.

Non-endoscopic screening methods are less invasive than endoscopic methods
and can be more readily carried out in primary care, resulting in higher
acceptability for patients.

Large, randomised trials in the primary care setting are required to determine
whether screening for Barrett’s oesophagus is feasible and effective
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Fig. 1. Endoscopic diagnosis of Barrett’s esophagus with conventional per-oral and office-based
transnasal endoscopy.

(A) High resolution white light endoscopy. Barrett’s esophagus appears as salmon red
coloured mucosa and normal oesophagus in pale pink. (B) Transnasal EG scan endoscopic
view of a short segment of Barrett’s esophagus. (C) Transnasal endosheath endoscopic
diagnosis of Barrett’s. This technology also allows biopsies for histological confirmation.

Gastrointest Endosc Clin N Am. Author manuscript; available in PMC 2018 July 23.



s1dLIosNUBIA JOLINY SI8pUNH DN 8doinT

s)dLIOSNUBIA JOUINY S18puUN4 DN edoin3

Offman and Fitzgerald Page 16

A.

Fig. 2. Use of the Cytosponge™ test.

(A) Expanded Cytosponge (left) and Cytosponge embedded in gelatine capsule (right). (B)
The Cytosponge compared to paracetamol capsules in the palm of a hand. (C) The
Cytosponge is swallowed and the gelatin capsule dissolves in the stomach within 5 minutes.
(D) The Cytosponge is retrieved by a nurse collecting cells as it is pulled up. (E)
Immunohistochemical images (20x magnification) illustrating TFF3-positive staining in
cells collected with the Cytosponge.
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