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Esophageal Cancer - Worldwide

• Statistics in 2012 (World-wide)
~456,300 new cases
~410,400 deaths 

• 5 year-survival rate: 19%
~> 50% invasive or metastatic at diagnosis                    

• 7th most common tumor worldwide

• In the US in 2016, 16,910 estimated new esophageal 
cancer cases and 15,690 deaths

Ferlay J, et al GLOBOCAN 2012 v1.1, Cancer Incidence and Mortality Worldwide, International Agency for Research on Cancer; 2014.
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Esophageal Cancer: A Dismal Prognosis

*Incidence rates are per 100,000 and are age-adjusted to the 2000 US Std Population
1.SEER Cancer Statistics Review (CSR) 1975-2012. National Cancer Institute. Bethesda, MD 
http://seer.cancer.gov/csr/1975_2012/results_single/sect_01_table.05_2pgs.pdf
2.SEER Cancer Statistics Factsheets: Esophageal Cancer. National Cancer Institute. Bethesda, MD, 
http://seer.cancer.gov/statfacts/html/esoph.html

ESOPHAGEAL 
CANCER
2015 Estimates2

NEW CASES
16,980

DEATHS
15,590

INCIDENCE*

2008-2012
MORTALITY 
2008-2012

5-YEAR SURVIVAL (%)
2005-2011

Esophageal Cancer 
(all types)

4.4 4.2 17.9

Breast Cancer 
(females only)

124.8 21.9 89.4

Melanoma 21.6 2.7 91.5

Prostate Cancer 62.7 8.5 98.9



Barrett’s Esophagus

..the condition in which any extent of metaplastic columnar 
epithelium that predisposes to cancer development replaces the 
stratified squamous epithelium



Prevalence & Incidence of Barrett’s
• 1.6% of Swedish adult population

• 3.5 million Americans (extrapolated)

• 5.6% of US population (based on a SEER 
data simulation model)

• 13% of a VA population with GERD had 
Barrett’s upon screening endoscopy

Ronkainen, Gastroenterology, 2005

Sampliner, Gastroenterology, 2005

Spechler, Dis Esoph, 2010

Westhoff, GI Endoscopy, 2005



Epidemiology: Barrett’s Esophagus

•Mean age is 55
•Caucasian
•Uncommon in Blacks and Asians
•Male: Female 2:1 Barrett’s



Pathophysiology
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Barrett’s



Progression Risk



Risk of Progression

Barrett�s Esophagus



Risk of Progression

Esophageal Adenocarcinoma
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Clinical Factors that Contribute to 
Increased Progression Risk

• Male
• Caucasian
• Smoker
• Obese

• Family history
• Length of Barrett’s
• Size of hiatal hernia
• Duration of Barrett’s
• Young Age



Non-Dysplastic BE Progression to Cancer in Several Large 
2010/11 Studies Averaged .29% per Year

de Jonge, Gut, 2010 
Desai, Gut, 2011

Hvid-Jensen, N Engl J Med, 2011
Wani, Clin Gastroenterol Hepatol, 2011

Bhat, J Natl Cancer Inst, 2011



CLE/IM Progression to HGD/EAC
(Bhat, JNCI, 2011)

• Population-based study (Northern 
Ireland Barrett’s Register or NIBR) 
from 1993 to 2005

• 8522 IM pts were followed for a mean 
of 7 yrs

• “Results from the NIBR demonstrate 
a constant risk of progression to 
cancer over time.”



IM Progression to HGD/EAC
(Falk, Sampliner, Sharma et al, CGH, 2011)

• Multi-center outcomes project
• 1204 pts were followed for a mean 

of 5.5 yrs
• 2.9% of IM pts developed cancer 

in 10 yrs
• 7.3% of IM pts developed HGD or 

cancer in 10 yrs



LGD Progression to EAC
(Curvers, Am J Gastro, 2010)

• Population-based study (Amsterdam 
Gastroenterological Association 
Barrett’s Registry) from 2000 to 2006

• Histology reports from six community 
hospitals were reviewed by two expert 
GI pathologists

• 1,198 pts diagnosed with BE
• 121 pts diagnosed with LGD & had f/u 

bxs
• 19 pts had a consensus dx of LGD
• LGD pts had a 13.4% annual 

progression risk for HGD or EAC 
• 10.5% LGD pts developed cancer in an 

average f/u of just over 3 yrs



(Duits, Gut 2015)

• Prospective study with 293 LGD pts diagnosed 
in the community

• Pathology reviewed by expert GI panel

• 73 patients had confirmed LGD (27%)

• 9 patients upstaged to HGD/EAC (2%)

• When disease confirmed, 9.1% annual 
progression to HGD/EAC

• 5 year risk of HGD/EAC: 40%

• “The results indicate that patients with a 
confirmed diagnosis of LGD in BE have a 
markedly increased risk for progression to 
HGD/EAC.”

LGD in Barrett's Esophagus Has a High Risk of Progression When 
Confirmed by a Panel of Expert Pathologists



Confirmed LGD
INCREASED RISK OF PROGRESSION

N
STUDY 
TYPE

PROGRESSION 
TO HGD/EAC1 STUDY

127 RCT
13.6% (annual rate 
of progression)

Shaheen et al. 2009

147 Prospective 13.4%
(per patient-year)

Curvers et al. 2010

293 Retrospective
9.1% 
(per-patient year)

Duits et al. 2014

85 Prospective
9%  (annual rate 
of progression

Clark et al. 2014

136 RCT
11.8% 
(per patient-year)

Phoa et al. 2014

125 Retrospective

6.6% (annual rate of 
progression per 
Kaplan-Meier 
method), 14.8% 
first year

Small et al. 2015



BADCAT Consensus Statement

(Bennett, Gastroenterology, 2012)
• An int�l, multidisciplinary, evidence-

based review of BE management 
strategies using 80% agreement as a 
threshold for all consensus 
statements

• �Risk of progression from HGD to 
cancer is approximately 10% per 
year.�



IM Progression to HGD/EAC by Length
(Anaparthy, Clin Gastroenterol Hepatol, 2013)

• Multi-center outcomes project

• 1175 NDBE pts were followed for a mean 
of 5.5 yrs

• 28% increase in risk of progression to 
HGD/EAC per 1 cm increase in length 
(p<0.001)

• Annual progression risk to HGD/EAC by 
length (p<0.0018): 

• 0.31%/year for length ≤3 cm

• 0.97 %/year for length  4-6 cm

• 1.26%/year for length 7-9 cm

• 1.64%/year for length 10-12 cm

• 2.41%/year for length ≥13 cm

Long Segment NDBE Progresses to HGD/EAC at a 
Significantly Elevated Rate



STAGE Histology % risk CA
1 year

% risk CA
10 year

1
Barrett’s
Without
Dysplasia 0.3 3%

2
Barrett’s 
Low Grade
Dysplasia 3-5 50%

3
Barrett’s
High Grade
Dysplasia 10 100%

Cancer

Normal

3 stages of Barrett’s
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Recognition of BE & 
Dysplasia



Diagnosis

Endoscopic evaluation
~ High definition white light
~ Biopsies

• Mucosal 
irregularities

• 4 Quadrant 
biopsies



Prague C and M Criteria

Sharma. Gastroenterology 2006



Prague C and M Criteria



Biopsy Regimen



BE Endoscopic Appearance



Narrow Band Imaging

• Improves the visibility of capillaries, 
veins and other subtle tissue 
structures

• NBI uses two discrete bands of light 
when combined offer an extremely 
high contrast image of the tissue 
surface.



Narrow Band Imaging

• NBI image on the monitor: 
Capillaries on the surface are 
displayed in brown and veins in the 
sub surface are displayed in cyan.



NBI for Detection of Barrett�s 
Esophagus



NBI for Detecting Dysplasia 
within Barrett’s

• Barrett’s International NBI Group (BING)
• The BING criteria identified patients with 

dysplasia with 85% overall accuracy, 80% 
sensitivity, 88% specificity

• When dysplasia was identified with a high 
level of confidence, these values were 
92%, 91%, 93%

• The overall strength of inter-observer 
agreement was substantial (kappa 0.681).

Morphologic Characteristics Classification

Mucosal Pattern

Circular, Ridged, Villous, Tubular Regular

Absent or Irregular Irregular

Vascular Pattern

Regularly situated along or
between ridges

Normal, long, branching patterns

Regular

Focally or diffusely distributed
vessels not following normal 

architecture

Irregular

Sharma et al. Gastroenterology 2016;150:591–598



Sharma et al. Gastroenterology 2016;150:591–598



Distal Attachment Caps



• 112 patients underwent endoscopic 
surveillance by 11 endoscopists. 

• Patients with longer BITs were more likely to 
have an endoscopically suspicious lesion (P 
<.001) 

• Direct correlation between the endoscopist’s 
mean BIT per centimeter of BE and the 
detection of patients with HGD/EAC 

Gastrointest Endosc 2012;76:531-8.



• Endoscopists who had an 
average BIT longer than 1 
minute per centimeter of 
BE detected more 
patients with 
endoscopically suspicious 
lesions (54.2% vs 13.3%, 
p .04) 

Gastrointest Endosc 2012;76:531-8.



Endomicroscopy





DONT BIOPCE TRIAL

•Multicenter international trial (5 centers)
•Prospective, double blinded trial: WLE, NBI, pCLE
•101 patients - 874 locations

Negative Predictive Value of 94% for 
HGD/EC



Volumetric Laser Endomicroscopy



Normal Esophageal Mucosa*

SQUAMOUS 
EPITHELIUM

LAMINA PROPRIA
MUSCULARIS MUCOSA

SUB-MUCOSA

MUSCULARIS 
PROPRIA

* Images are not of the same patient
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Layered Architecture

Normal
Esophageal Mucosa



MM/LP

Irregular 
surface

13_02 – 17-001

Abnormal
Layered Architecture w/ Irregular Surface



Glands in 
epithelium

Loss of 
layered 
architecture

13_02 – 17-001

Abnormal
Loss of Layered Architecture w/ Glands in Epithelium



Layered 
Architecture

Glands in 
Epithelium

13_02 – 17-001

Abnormal
Layered Architecture w/ Glands in Epithelium



11_01 - 03013 FP003

Highly Septated
Cribiformed Glands

Histopathologic diagnosis: EAC

Loss of layering

Abnormal
Atypical Glands



Buried BE

Courtesy of K. Chang, MD. UC Irvine Medical Center



Endoscopic Surveillance

GASTROENTEROLOGY 2011;140:1084 –1091

Seattle 
Protocol



• Issues with surveillance

~ Sampling error

~ Pathologic discordance

~ Poor patient compliance

~ Cost-ineffective

• Surveillance does not prevent cancer

~ Over 50% of those who developed HGD 
or cancer while undergoing surveillance 
did not have findings of dysplasia 
(Sharma, Clin Gastro Hep, 2006)

Endoscopic Surveillance of Barrett’s
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Impact of Surveillance on Mortality

• Case-control study, 
community setting

• Among 8272 members with BE, 
351 cases of EAC identified

• 70 EAC cases with prior dx of 
BE

• 38 of the pts. died due to EAC
• Surveillance histories of cases 

compared with 101 controls (pts. 
living with BE)

• Fatal cases almost as likely 
to receive surveillance (55.3%) 
as controls (60.4%)

1. Corley, DA, Mehtani K, Quesenberry C, et al. Impact of Endoscopic Surveillance on Mortality From Barrett's Esophagus-
Associated Esophageal Adenocarcinomas. Gastroenterology. 2013 May 11;145(2):312-9

Conclusion: Surveillance not 
associated with decreased risk 

of death due to EAC



Sampling Error



The wider surface 
area sampled by the  
transepithelial WATS 
biopsy addresses this 

problem   

Forceps biopsy 
has a significant 

potential for 
sampling error 

WATS3D

Wide Area Transepithelial Sample 
with 3-Dimensional Tissue Analysis  



New Biopsy Brush
•EndoCDx WATS3D Brush

~More abrasive
~Obtains transepithelial biopsy
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N = 1,266 N = 2,559 N = 2,559 N = 151 N = 31 N = 1,699 

Meta-analysisSurveillance Screening

1. Anandasabapathy et al. Dig Dis Sci, e-pub
2. Kataria et al. American College of Gastroenterology Annual Meeting; October 11-16, 2013; San Diego, California. Abstract P23.
3. Johanson et al. Dig Dis Sci, e-pub
4. Gross et al. Digestive Disease Week; May 18-21, 2014; Chicago. Abstract Su1452.
5. Gerson et al. Digestive Disease Week; May 18-21, 2014; Chicago. Abstract Sa1833.



New Biopsy Brush
•EndoCDx WATS3D Brush

~A very valuable tool and will likely 
be in the guidelines very soon 
~Excellent service from the 

company
~No cost to the patient… currently



Therapy: 
Endoscopic Mucosal Ablation



An ideal therapy would ...

•Completely eradicate the lesion
•Be safe & well-tolerated
•Prevent neoplastic progression
•Alter life-long surveillance



Mucosal Ablation

APC Cryo

PDT EMR

RFA



Radiofrequency Ablation



Proprietary Properties of RFA Lead to a 
Precise Ablation Depth 

(Mucosa-Submucosa Border)

Mechanisms
1. Tightly spaced electrodes (250 µm 

apart)
2. Proven pre-set energy & power 

densities
3. Generator turns off when a pre-

determined resistance level in the 
ablated tissues is reached (mean of 
0.3s)

Ganz, Gastrointest Endosc, 2004



Human Esophagus

Muscularis Mucosae

Submucosa

Muscularis Propria

GG

Surgical 
Depth

PDT, APC & 
Cryo Depth

Lamina Propria
Epithelium RFA Depth

EMR Depth



Histological Representation

Normal Post RF Ablation



Ablation Device Family

Barrx 360 Barrx 90 
Ultra

Barrx 90 
“Chang Cap” Barrx 60 NEW

Barrx
Channel 



Circumferential Ablation

Focal Ablation





AIM Dysplasia Trial
(Shaheen, N Engl J Med, 2009)

• A RCT of 127 HGD & LGD pts

• 19 US medical centers

• Pts were randomized to  treatment 
(RFA) & sham (surveillance) arms

• A statistically significant difference 
was demonstrated at 1 yr for both

• Disease eradication (P<0.001)

• Disease progression (P<0.05)

RFA for Barrett’s Esophagus with 
Dysplasia
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Disease Progression



SURF Trial, Phoa, JAMA, 2014 

• European multicenter RCT of 136 
confirmed LGD pts

• Pts randomized 1:1 to  treatment (RFA) 
and control (surveillance) arms

• Complete eradication (CE) at 1 year:
RFA: 88% CEIM, 93% CED
Control: 0% CEIM, 28% CED (p<0.001)

• After median 36 mos follow-up: 26.5%
of controls progressed to HGD/EAC vs. 
1.5% after RFA (p<0.001

8.8% of controls progressed to EAC vs. 
1.5% after RFA (p<0.03

• Study terminated secondary to 
superiority of RFA and patient safety 
concerns should the trial continue

RFA Reduces Progression in Confirmed Low-Grade Dysplasia

Phoa K, van Vilsteren FI, Weusten BM, et al. Radiofrequency Ablation vs Endoscopic Surveillance for Patients With 
Barrett Esophagus and Low-Grade Dysplasia: A Randomized Clinical Trial. JAMA 2014;311:1209-1217. 
Trial funded by Covidien, GI Solutions 





Endoscopic Management of Early 
Esophageal Cancer

T1a



Endoscopic Management of Early 
Esophageal Cancer (EMR and ESD)

Cap EMR Band EMR

ESD



7
4

Endoscopic Resection  vs 
Esophagectomy1

• Compares outcomes of endoscopic therapy (ER + RFA) vs  
esophagectomy in HGD and T1a

• Retrospective review 2001 – 2010
• Endotherapy: n = 40
• Esophagectomy: n = 61
• Compared with esophagectomy, endotherapy was associated with:

~ Lower morbidity (39% vs 0%, p < .0001)
~ Similar survival (94% at 3 years for both groups)

• Endotherapy for HGD/T1a has similar survival but decreased morbidity 
vs esophagectomy

1. Zehetner J, Demeester SR, Hagen JA, et al. Endoscopic resection and ablation versus esophagectomy for high-grade 
dysplasia and intramucosal adenocarcinoma. J Thorac Cardiovasc Surg 2011;141:39-47.



Endoscopic Management of Early 
Esophageal Cancer

T1b



Risk of Lymph Node Mets for T1a and T1b 
Cancer

Boys, Chandrasoma,Vallone, Demeester et al. J Gastrointest Surg (2016) 20:6–12 

Risk Factors: 
1. Poor differentiation 
2. Lymphovascular invasion
3. SM invasion >500 μm

Limited to Mucosa Limited to Submucosa



Disease Treatment Summary

Stage of Disease Recommendations 

Non-dysplastic 
Barrett’s

Surveillance*
(or Ablation in select individuals)

Low Grade Dysplasia (confirmed) Endoscopic Ablation*

High Grade Dysplasia Endoscopic Eradication*

T1a, some T1b Endoscopic Resection (EMR and ESD)

T1b, T2, T3 Surgery

*AGA 2011 Guidelines, ACG 2015 Guidelines



Vaughan, T. L. & Fitzgerald, R. C. Nat. Rev. Gastroenterol Hepatol. 12, 243–248 (2015)

40%
Without GERD
No Endoscopy

52%
Some GERD Hx
No Endoscopy

Diagnosed after Alarm 
symptoms developed

> 50% Advanced 
Disease that will need 
Surgery



BMJ. 2010 Sep 10;341:c4372
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