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Abstract

The rapid rise in incidence of oesophageal adenocarcinoma has motivated the need for improved 

methods for surveillance of Barrett’s oesophagus. Early neoplasia is flat in morphology and patchy 

in distribution and is difficult to detect with conventional white light endoscopy (WLE). Light 

offers numerous advantages for rapidly visualising the oesophagus, and advanced optical methods 

are being developed for wide-field and cross-sectional imaging to guide tissue biopsy and stage 

early neoplasia, respectively. We review key features of these promising methods and address their 

potential to improve detection of Barrett’s neoplasia. The clinical performance of key advanced 

imaging technologies is reviewed, including (1) wide-field methods, such as high-definition WLE, 

chromoendoscopy, narrow-band imaging, autofluorescence and trimodal imaging and (2) cross-

sectional techniques, such as optical coherence tomography, optical frequency domain imaging 

and confocal laser endomicroscopy. Some of these instruments are being adapted for molecular 

imaging to detect specific biological targets that are overexpressed in Barrett’s neoplasia. Gene 

expression profiles are being used to identify early targets that appear before morphological 

changes can be visualised with white light. These targets are detected in vivo using exogenous 

probes, such as lectins, peptides, antibodies, affibodies and activatable enzymes that are labelled 

with fluorescence dyes to produce high contrast images. This emerging approach has potential to 

provide a ‘red flag’ to identify regions of premalignant mucosa, outline disease margins and guide 

therapy based on the underlying molecular mechanisms of cancer progression.
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BARRETT’S OESOPHAGUS

Each year, >450 000 new cases of oesophageal cancer (EAC) are diagnosed worldwide, and 

>400 000 people die from this disease.1 Over the past three decades, the incidence of EAC 

has risen faster than any other cancer in developed countries.23 EAC has a poor prognosis, 

thus early detection is critical to relieve the burden of this cancer on society. Neoplasia is 

believed to arise from Barrett’s oesophagus (BE), a premalignant condition that is becoming 

more common as a result of a rapid rise in obesity and acid reflux.4–6 BE transforms into 

low-grade dysplasia (LGD) and progresses sequentially to high-grade dysplasia (HGD) and 

EAC.7 While dysplasia is a risk factor for cancer, its natural history is highly variable.8 In 

individual patients, the annual rate of BE transforming into EAC is estimated at between 

0.07% and 0.82%.8–11 A diagnosis of HGD confers increased risk for progression to EAC of 

12%–40%.1213 LGD has an annual incidence of 0.54%–6.5% to progress to either HGD or 

EAC.14–16

Key messages

• Novel imaging technologies are needed to improve methods for early 

detection of oesophageal adenocarcinoma.

• Light has a broad spectrum that can be developed to rapidly visualise 

oesophageal mucosa with improved resolution, contrast and depth.

• Novel optical instruments for wide-field and cross-sectional imaging 

have been assessed in the clinic for improved detection of Barrett’s 

neoplasia.

• Lectins, peptides, antibodies, affibodies and activatable enzymes are 

being developed as exogenous probes for detecting molecular targets 

overexpressed in Barrett’s neoplasia.

figure 1 shows that dysplasia can be flat in architecture and focal or patchy in distribution, 

thus difficult to detect on endoscopy. In the Seattle protocol, white light endoscopy (WLE) is 

performed with biopsies collected from visible mucosal abnormalities and at random in four-

quadrants from every 1–2 cm in the BE segment using jumbo forceps. This method of 

surveillance has been validated and is recommended for BE patients every 2–5 years.17–19 

Table 1 summarises the results of clinical studies performed using the Seattle protocol to 

detect Barrett’s neoplasia. However, this technique is labour-intensive, time-consuming and 

prone to sampling error and is not practiced widely by community physicians.20–22

MOTIVATION FOR OPTICAL IMAGING METHODS

Improved imaging methods are needed to improve our ability to rapidly detect and assess 

Barrett’s neoplasia. Because light can rapidly interrogate tissue with high resolution over a 

broad range of wavelengths, a number of optical methods are being developed and fall into 

two main categories: (1) wide-field and (2) cross-sectional. Wide-field imaging techniques 

visualise large mucosal surface areas to localise suspicious regions for guiding tissue biopsy. 

Cross-sectional technologies image with subcellular resolution below the mucosal surface to 
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assess depth of disease penetration.23 figure 2 shows important tradeoffs in the properties of 

light that are used to design instruments for either wide-field or cross-sectional imaging. 

Image resolution improves with reduced tissue depth at shorter wavelengths, and image 

penetration improves with reduced resolution at longer wavelengths. Haemoglobin (Hb) is a 

dominant absorber of light in the visible region (400–650 nm), while water absorption plays 

a small role in the infrared spectrum (>900 nm). The extinction coefficients for 

oxyhaemoglobin (HbO2), deoxyhaemoglobin (Hb) and water (H2O) vary over the visible 

and near infared (NIR) spectrum. Because fluorescence provides images with high contrast, 

bright dyes are being developed to label molecular probes that are specific for targets 

overexpressed in Barrett’s neoplasia to enhance visualisation of diseased areas and guide 

tissue biopsy. This emerging approach detects specific molecular changes that may have a 

direct effect on cancer progression. Figure 2 shows the spectral location of some contrast 

agents used in optical imaging. Imaging instruments that are sensitive to these fluorophores 

are being developed for both wide-field and cross-sectional imaging. Here, we discuss basic 

concepts and review emerging optical technologies for improved detection of Barrett’s 

neoplasia.

ADVANCES IN WIDE-FIELD ENDOSCOPY

Conventional WLE is based on reflection of visible light from the mucosal surface to reveal 

the presence of structural abnormalities, such as nodularity, ulceration or oedema, that may 

harbour neoplasia. Images are collected with relatively low contrast compared with 

fluorescence, and disease is detected based on non-specific properties of tissue. Figure 3A 

shows a standard WLE used to visualise BE, which has a characteristic salmon pink colour. 

Recently, this technology has seen great improvement in resolution. High definition white 

light endoscopy (HD-WLE) use charge-coupled device detectors that have >106 pixels and 

can achieve resolution on the cellular scale (~10 μm).24

Chromoendoscopy uses WLE with intravital dye, such as methylene blue (peak absorption 

at 670 nm) that is topically applied the mucosal surface to enhance visibility of 

microanatomical features.2526 A prospective, randomised crossover study of 47 patients 

using chromoendoscopy with methylene blue reported detection of dysplasia with 51% 

sensitivity and 48% specificity.25 A later randomised control trial showed dysplasia or EAC 

detection with 49% sensitivity and 85% specificity.26 A meta-analysis of nine clinical 

studies totalling 450 patients using chromoendoscopy with methylene blue found no 

improvement in diagnostic yield for neoplasia compared with WLE alone using the Seattle 

protocol.27 Chromoendoscopy has also been performed with acetic acid to produce a 

transient whitening effect caused by protein acetylation and tissue oedema. Dysplasia 

regains colour faster than BE and squamous. Table 1 summarises the results of a prospective 

clinical study that used chromoendoscopy with acetic acid to detect Barrett’s neoplasia with 

95.6% sensitivity and 81% specificity.28 However, a false-positive rate of 19.6% was 

observed, most likely from areas of inflammation. Compared with WLE, chromoendoscopy 

with acetic acid has been reported to increase the yield of neoplasia on biopsy by 6.5-fold 

with a 15-fold decrease in biopsies needed.29 This study was not randomised or blinded. 

Overall, chromoendoscopy with acetic acid is well tolerated and low in cost.
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Narrow band imaging (NBI) uses a ‘narrowed’ illumination spectrum to enhance image 

contrast. The optical filters in the video processor produce blue (440–460 nm) and green 

(540–560 nm) light to match the absorption peaks of Hb.30 This approach improves 

visualisation of tissue capillary structures, subepithelial vessels and surface topography. 

Subtle mucosal irregularities are used to reveal the presence of dysplasia. Table 1 

summarises the results of clinical studies using NBI to detect Barrett’s neoplasia.31–34 A 

large meta-analysis totalling 502 patients showed that NBI had 91% sensitivity and 95% 

specificity for identifying HGD and 91% sensitivity and 85% specificity for detecting BE.34 

The use of NBI alone compared with WLE showed a non-significant difference for detection 

of Barrett’s neoplasia. However, NBI may reduce the number of biopsies needed to achieve 

a comparable diagnostic performance with WLE.33 Recent technological advances in NBI 

include an optical zoom for improved resolution of mucosal patterns. However, clinical data 

do not support an improvement in overall disease detection compared with standard WLE.

Autofluorescence imaging (AFI) uses blue light (λex=395–475 nm) to excite non-specific 

endogenous fluorophores, such as collagen and elastin, and collects fluorescence in the 

visible region (490–625 nm).35 In these images, squamous and BE appear green and 

neoplasia appears magenta in colour. A randomised clinical study of 187 patients showed 

that the use of AFI resulted in 1.5%–6.7% improvement in detection of HGD and EAC 

compared with conventional WLE.36 Technological improvements in AFI (gen II and III) 

resulted in a 44% improvement in detection of HGD and EAC compared with WLE.37 

However, AFI has high-false positive rate of 86%, and its clinical use remains unclear.38 A 

meta-analysis of five prospective studies totalling 371 patients showed that AFI offers ~2% 

improvement over WLE for detecting Barrett’s neoplasia.39 AFI may be clinically useful in 

high-risk patients after either ablation or surgical resection to assess for residual disease. 

Endoscopic trimodal imaging (ETMI) combines WLE, NBI and AFI technologies.4041 As 

with AFI, the clinical usefulness of ETMI remains unclear. The false-positive rate remained 

high. Prospective studies have shown no significant difference for detection of dysplasia 

compared with WLE.

Fluorescence endoscopes have been developed to perform wide-field imaging using custom 

filters for excitation and emission to match the spectral properties of fluorophores used to 

label molecular probes being developed for detection of specific biological targets. Figure 

3B shows a fluorescence endoscope that provides a single blue excitation through a standard 

light guide to excite fluorescein isothiocyanate (FITC) to detect a single target. Figure 3C 

shows a scanning fibre endoscope that provides three excitation (blue, green and red) 

wavelengths delivered through a single optical fibre (arrow) to excite three dyes (DEAC, 

FITC and Cy5) that have distinct emission spectra and can be used to detect three targets 

simultaneously.42 These instruments provide reflectance images as well to produce an 

anatomical background to help with image interpretation.

ADVANCED CROSS-SECTIONAL ENDOSCOPY

Optical coherence tomography (OCT) uses a low coherence laser to measure differences in 

time delay in between light that backscatters from below the tissue surface and a reference 

beam. Cross-sectional images are collected in vivo with a view similar to that of histology 
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but in real time. This approach is similar to ultrasound but uses NIR light instead to achieve 

much higher axial resolution (1–10 μm) at a tradeoff of reduced tissue depth (1–2 mm). 

Epithelial and subsquamous structures (blood vessels, glands, cysts and crypts) can be 

resolved.43 Table 1 summarises the results of a prospective clinical study of OCT in 33 

patients that showed 68% sensitivity and 82% specificity for detection of Barrett’s 

neoplasia.44 A subsequent prospective clinical study showed that OCT could detect HGD 

and EAC with 83% sensitivity and 73% specificity.45 Limitations of OCT include images 

with low contrast and high interobserver and intraobserver variability for image 

interpretation and prediction of pathology.45 Optical frequency domain imaging (OFDI) uses 

advanced scanning technology to collect images based on the OCT mechanism at much 

higher speeds and can produce three-dimensional images. Clinically, OFDI can resolve long 

segments (>6 cm) of BE in <2 min.46 Results of a clinical study using OFDI showed 60% 

sensitivity and 80% specificity in assignment of squamous or columnar tissues.47 Figure 3D 

shows integration of OFDI imaging technology into a pill-sized capsule connected with a 

flexible optical fibre.48 A clinical study was performed in 13 patients to collect in vivo 

images of BE. However, the capsule does not have capability to perform tissue biopsy, and 

suspect mucosal regions may be difficult to locate on follow-up endoscopy. A validated 

classification system for correlating in vivo images with histology is needed before OCT/

OFDI can be widely accepted for clinical use. Also, physicians will need specialised training 

to interpret these images in real time.

Confocal laser endomicroscopy (CLE) collects fluorescence to visualise ‘histology-like’ 

images in real-time. The instrument can achieve subcellular resolution (1–5 μm) at high 

magnifications (500–1000×). Figure 3E shows a probe-based (pCLE) instrument that passes 

through the biopsy channel of a standard medical endoscope. Images are collected with a 

small field of view (FOV) that ranges from 240×240 to 600×600 μm2 with frame rates that 

range from 8 to 12 per second. The working distance is fixed for each imaging probe and 

can range from 30 to 70 μm.49 An endoscope-based (eCLE) instrument integrates the optics 

and scanner into the distal end of the endoscope. Images with high lateral and axial 

resolution of 0.7 and 7 μm, respectively, can be collected with a FOV of 500×500 μm2 at 

0.8–1.6 frames per second. The imaging depth can be manually adjusted from 0 to 250 

μm.50 Both pCLE and eCLE use blue laser light (488 nm) to excite intravenously 

administrated fluorescein to generate image contrast. Fluorescein is Food and Drug 

Administration (FDA) approved for human use and is well tolerated.

CLE images are interpreted by evaluating the appearance of capillary structures and cellular 

architecture on fluorescence.51 Images of BE show organised morphology with distinct 

columnar-lined epithelial cells and structured capillaries. Figure 3E shows HGD with 

heterogeneous cellular features, ill-defined borders and irregular capillaries. Bright 

fluorescence can be seen in the lamina propria from leakage of the fluorescein contrast.51 A 

clinical study using CLE to image Barrett’s neoplasia has shown 92.9% sensitivity, 98.4% 

specificity and 98.4% negative predictive value (NPV). An interobserver and intraobserver 

agreement (κ) of 0.84 and 0.89, respectively, was found, suggesting that physicians could 

use imaging criteria to interpret the images and that the results are reproducible. Several 

studies have further investigated CLE classification criteria for real-time diagnosis of 

Barrett’s neoplasia.52–56 The Miami criteria has been widely accepted and has been 
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validated in randomised controlled trials. This image classification system defines BE as 

having uniform villiform architecture and columnar epithelial cells with dark goblet cells.54 

In HGD, villiform structures persist with irregularly shaped crypts and dilated capillary 

vessels. In EAC, a complete loss of crypt and villiform architecture is observed with 

irregular and dilated capillaries.

In clinical practice, confocal imaging may reduce the number of unnecessary biopsies during 

BE surveillance and may help to guide real-time endoscopic therapy of Barrett’s neoplasia. 

A meta-analysis of seven studies totalling 345 patients reports 86% sensitivity, 83% 

specificity and 96% NPV for detection of HGD/EAC with CLE.57 Randomized clinical 

studies have shown that combining either pCLE or eCLE with WLE can produce higher 

sensitivity for detecting Barrett’s neoplasia and can reduce up to 65% of the number of 

biopsies needed to achieve comparable diagnostic performance compared with WLE 

alone.5859 Limitations of pCLE and eCLE include consistency in collecting interpretable 

images, an image FOV limited to a few hundred microns, special training needed for image 

interpretation, and potential for miss-registration of CLE images with histology. Also, 

intravenous fluorescein, a non-specific contrast agent, can extravasate and produce false 

positives.

MOLECULAR IMAGING

Advanced imaging technologies based on non-specific contrast mechanisms have not 

demonstrated a clear clinical advantage for improved detection of Barrett’s neoplasia. 

Molecular imaging is an emerging methodology that detects overexpressed targets specific 

for cancer that promises to overcome these limitations. The molecular mechanisms that drive 

progression of Barrett’s neoplasia are under intense investigation. Genetic instability,60 

including chromosomal aberrations (aneuploidy/tetraploidy), loss of heterozygosity, changes 

in DNA methylation, abnormalities in tumour suppressor loci, changes in cell cycle 

regulation, dysregulation of cell signalling and focal gene amplifications and deletions are 

believed to play important roles in the initiation and progression of disease.61–64 Many of 

these changes have been identified by copy number variation on analysis with single 

nucleotide polymorphism arrays.65 High-frequency gene amplification can produce 

overexpression of protein targets on the cell surface, cytoplasm or extracellular matrix that 

are accessible to imaging. Figure 4 shows a number of promising imaging targets that can be 

developed for imaging of Barrett’s neoplasia. Epidermal growth factor receptor (EGFR), 

ErbB2, Fibroblast Growth Factor Receptor (FGFR)1/2 and c-MET are transmembrane 

tyrosine kinase receptors that stimulate epithelial cell growth, proliferation and 

differentiation.66–69 Glycans are cell surface glycoproteins that are under-expressed in 

Barrett’s neoplasia.70 Cyclooxygenase-2 (COX-2) is an intracellular enzyme that is absent in 

normal cells and found at increased levels in HGD and early EAC.6471 Osteopontin is a 

secreted extracellular matrix protein that is highly overexpressed in EAC.72

Because these targets are too small to be seen with endoscopy, even using HD-WLE, 

molecular probes are being developed that are labelled with bright fluorescent dyes as 

optical reporters. Figure 5 shows a number of different molecular probes that have been 

demonstrated in preclinical models of cancer with in vivo imaging and include lectins,70 

Sturm and Wang Page 6

Gut. Author manuscript; available in PMC 2016 September 12.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



peptides,73–75 antibodies,76–79 affibodies8081 and activated enzymes.8283 Topical application 

is a promising approach for delivery of these molecular probes for imaging of Barrett’s 

neoplasia because binding can occur rapidly and predictably within a few minutes. This time 

scale provides minimal interruption to the work flow for performing upper endoscopy in 

high volume procedure units. High contrast images can be achieved with minimal risk for 

toxicity and avoids undesired biodistribution of the molecular probe to other tissues. This is 

a major concern with systemic delivery.

Lectins are carbohydrate-binding proteins that bind specific-ally to glycans. In the 

progression of BE to neoplasia, cell surface glycans are lost, thus lectins show less binding. 

Wheat germ agglutinin is a lectin that has been fluorescein-labelled and shown to bind with 

high affinity and specificity to a subtype of glycans underexpressed in Barrett’s neoplasia.70 

This imaging agent was topically applied to surgically resected specimens of BE and imaged 

with an AFI endoscope. Areas of neoplasia appeared dark, while squamous and BE regions 

avidly bind the lectin and were bright. Using blue excitation (λex=395–475 nm), images 

with areas of decreased fluorescence were found with a target-to-background ratio (T/B) 

ratio of 5.2. Lectins have several advantages for clinical translation, including low 

production costs, stability at low pH and low toxicity. However, in vivo studies are needed to 

further to investigate this approach.

Peptide probes are short sequences of amino acids that bind specifically to cell surface 

targets and have been used to detect early Barrett’s neoplasia in vivo.7484 Single peptide 

sequences specific for neoplastic targets were selected using binding assays with a high 

diversity phage display library. Peptides have advantages for diagnostic imaging that include 

low manufacture costs, long-term stability, rapid binding kinetics and low dissociation rates. 

An FITC-labelled peptide specific for HGD/EAC was topically applied to oesophagus in 

human subjects, and images were collected in vivo with pCLE. A T/B ratio of 3.8 was found 

for early neoplasia with 75% sensitivity and 97% specificity.74 Additional clinical studies 

are needed to validate clinical performance. Ongoing trials are being performed to 

investigate use of peptides with wide-field fluorescence endoscopy to overcome the small 

image FOV of CLE and increase the practical use of this technology in the clinic to guide 

tissue biopsy. A limitation of topical molecular probe application is that neoplasia present 

under neosquamous reepithelialised oesophageal mucosa may evade detection. This may be 

problematic for BE patients after therapy with radiofrequency ablation.8586

Antibodies are large proteins derived from the immune system that have high target 

specificity and binding affinity and are used primarily for therapy. Recently, they have been 

fluorescently labelled for diagnostic imaging in vivo in clinical studies. An anti-EGFR 

antibody has been labelled with AlexaFluor 488 to detect colorectal adenomas that 

overexpress EGFR using eCLE.76 Also, adalimumab, an antibody for tumour necrosis 

factor, has been fluorescein labelled and used to monitor therapeutic response in patients 

with Crohn’s disease using eCLE.77 An antibody specific for ErbB2 (HER2) was labelled 

with AlexaFluor 488 and used to image a rat model of EAC in vivo with pCLE.78 EAC 

showed a heterogeneous pattern of ErbB2 expression, and the fluorescence images had a 

mean T/B ratio of 1.6. Antibodies were also used with pCLE imaging to detect EGFR and 

survivin protein expressed in EAC.79 Widespread clinical use of antibodies for diagnostic 
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imaging purposes may be limited by slow binding kinetics (>4 h), potential immunogenicity 

and high production costs. Affibodies consist of the binding region of antibodies and are 

over 20 times smaller in size. They have comparable binding kinetics and may have 

improved tumour penetrance, reduced immunogenicity and lower production costs.81

Activatable probes are optically dormant in the absence of disease and generate bright NIR 

fluorescence in the presence of proteolytic enzymes overexpressed in neoplasia. They can be 

‘activated’ repeatedly to achieve high T/B ratios. NIR fluorescence endoscopy (λex=750 

nm) has been used to detect cathepsin B activity in a mouse model of EAC.82 A cathepsin B-

activated probe (Prosense750) was delivered intravenously into an orthotopic mouse model 

with human EAC cell implants. NIR images showed T/B ratios that was 3.6-fold to 4.5-fold 

greater in areas of neoplasia. In colon, in vivo fluorescence endoscopy (λex=465–500 nm) of 

colitis-associated neoplasia has been demonstrated using topical application of an activatable 

probe cleaved by γ-glutamyltranspeptidase. A T/B ratio of 7.0 was measured for 

dysplasia.83

CHALLENGES FOR MOLECULAR IMAGING

Molecular imaging of Barrett’s neoplasia is a promising direction but is at an early stage. 

The development of specific molecular probes is challenged by the rigours required for 

target validation. In addition, the regulatory path for FDA approval of a new imaging agent 

requires clinical studies to be performed under an Investigational New Drug application. 

Good manufacturing practices are needed for synthesis of the imaging agent, and Good 

laboratory practices are needed for the pharmacology/toxicological studies in animals to 

establish safety prior to clinical use. Also, target expression in Barrett’s neoplasia is 

characterised by molecular heterogeneity,87 thus imaging of multiple targets may be 

required for effective use in a diverse patient population. Multiplexed detection of several 

targets simultaneously may overcome this challenge. In vivo imaging with the scanning fibre 

endoscope using three peptides has been demonstrated in mouse colonic adenomas and is a 

promising direction.75 Further development of this optical technology is needed to perform 

in vivo imaging of Barrett’s neoplasia in clinical studies.

FUTURE OUTLOOK

Recently, the number of advanced imaging technologies being developed to improve 

surveillance of BE has undergone explosive growth. Optical methods take advantage of the 

broad spectrum of light to perform real-time imaging. WLE, chromoendoscopy, NBI, AFI 

and ETMI are wide-field approaches based on non-specific contrast mechanisms. Although 

the resolution of these instruments has improved, clinical studies have not shown significant 

improvement for detection of Barrett’s neoplasia. Imaging studies using AFI and ETMI have 

shown an overall increase in detection of neoplasia, but these technologies are limited by 

high false-positive rates. Chromoendoscopy using topically applied intravital dyes has 

unclear clinical utility in BE surveillance. OCTand OFDI are cross-sectional methods that 

provide imaging depth of 1–2 mm and may be useful for detection of subsurface neoplasia. 

These methods are limited by low contrast and variability in image interpretation. CLE is 

another cross-sectional technology that provides real-time ‘histology-like’ images for in vivo 
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pathology and has been used to target biopsy of early neoplasia on molecular imaging. 

However, this approach is limited by a small FOV that is inadequate to evaluate the large 

surface areas of BE that need surveillance. Ultimately, there remains a clear unmet clinical 

need for a wide-field imaging method that rapidly and specifically identifies localised areas 

of neoplasia to guide physician intervention.

Many of the instruments being developed are sensitive to fluorescence and can also be used 

for molecular imaging. This approach identifies overexpressed biological targets that appear 

before mucosal changes become visible and is potentially transformative for BE 

surveillance. The current paradigm for medical decision making based on observation of 

structural lesions may soon be replaced by visualisation of molecular expression. The 

specific targets detected can also be used to guide appropriate therapy for individual patients. 

A number of molecular probe platforms are being developed and include lectins, peptides, 

antibodies, affibodies and activatable enzymes. These probes have already been 

demonstrated in vivo in preclinical imaging studies using fluorescence methods that provide 

high contrast. Some of these probes have also been studied in the clinic. This targeted 

approach will require further development of molecular probes and endoscopic instruments 

and will need to accelerate along the long and complex path for regulatory approval by the 

FDA. While molecular imaging is currently at an early stage, the potential for use of cancer 

biomarkers to perform early detection, stage T1a versus T1b lesions, guide choice of therapy 

and monitor therapeutic response is vast. The availability of optical tools that can 

significantly improve our ability to help patients with BE lies just over the horizon.
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Figure 1. 
Imaging of Barrett’s oesophagus (BE). (A) Wide-field imaging is needed to localise 

neoplastic lesions, identify tumour margins and evaluate for cancer recurrence. White light 

image shows patches of squamous (SQ) in BE. An area of high-grade dysplasia (HGD) is 

not visibly distinct. (B) Cross-sectional imaging is needed to assess depth of early cancer 

invasion (T1a vs T1b). Histology (H&E) shows feature of both SQ and HGD.
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Figure 2. 
Optical properties of tissue. Image resolution improves with shorter wavelengths, and tissue 

penetration increases with longer wavelengths. Haemoglobin (Hb) dominates absorption of 

light in the visible (400–700 nm). Water absorption plays a small role in the infrared (IR; 

>900 nm). The extinction coefficients for Hb (blue), oxyhaemoglobin (HbO2; red) and water 

(black) are shown. Fluorophores can be used to improve image contrast, and include 

Diethylaminocoumarin (DEAC), fluorescein, fluorescein isothiocyanate (FITC; derivative of 

fluorescein), Cyanine (CY) derivatives (Cy5, Cy5.5), and IR800. AFI, autofluorescence 

imaging; NBI, narrow band imaging; OCT, optical coherence tomography; OFDI, optical 

frequency domain imaging; WLE, white light endoscopy.
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Figure 3. 
Novel imaging instruments. (A) Conventional white light endoscopy(WLE) shows 

squamous (SQ) patches within Barrett’s oesophagus (BE). (B) Fluorescence (F) endoscope 

shows molecular images of high-grade dysplasia (HGD; high signal) next to SQ (low 

signal). (C) Scanning fibre endoscope inserted transnasally shows patches of BE. (D) 

Capsule endoscopy with tethered probe shows cross-sectional image of BE on optical 

coherence tomography (images courtesy of G. Tearney and M. Gora). (E) Confocal laser 

endomicroscope (CLE) passes through instrument channel of endoscope to shows optical 

cross-section of HGD on molecular imaging in vivo. pCLE, probe-based CLE.
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Figure 4. 
Targets for molecular imaging. Cell surface glycans are underexpressed with disease 

progression in oesophageal cancer (EAC), and can be detected with lectins. Protein targets 

(epidermal growth factor receptor (EGFR), ERBB2, c-MET, fibroblast growth factor 

receptors (FGFR) 1 and 2)) that are overexpressed in Barrett’s neoplasia are accessible to 

imaging with peptides and antibodies. Cyclooxygenase-2 (COX-2) is an intracellular 

enzyme that is absent in normal cells but increased in neoplasia. Osteopontin (OPN) is a 

secreted extracellular matrix protein that is highly overexpressed in EAC.
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Figure 5. 
Molecular probe platforms. Various classes of molecular probes have been developed and 

demonstrated on imaging in vivo in preclinical models and in the clinic. Each class has 

unique strengths and weaknesses. Biochemical structures of commonly used fluorophores 

for molecular imaging are shown. FITC, fluorescein isothiocyanate.
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