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“* Barrett's oesophagus (BO) is an acquired pre-malignant
condition in which metaplastic columnar epithelium
replaces the normal squamous epithelium as a
consequence of chronic gastro-oesophageal reflux
disease (GORD)

“» BO is rare in children: 0.02% (Maltby et al, PDP 2010),
0.12% (Nguyen 2011) or 0.25-1.4% (Nakayama 2017).

“ BO prevalence in children with oesophagitis
increases up to 9.7% (Nakayama,2017)

“ Is the prototype of “Metaplasia”, where one epithelium
change to another

< Develops as an adaptative response to the chronic acid
reflux



Mean duration GORD symptoms: . .
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5.3 YIS (Jeurnink et al. Dig Liver Dis 2011)
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Fig. 2. Overview per study of the mean time between onset of reflux symptoms and diagnosis of Barrett's esophagus in children.
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(Ann Thorac Surg 2010;89:604-6)

0: B arrett’ S Adenoc arcinoma 52 Ye ars © 2010 by The Society of Thoracic Surgeons
Afte'l' SUthtal ESOHhageCtOmy fOl' Peptic stricture was a recognized cause of severe
o PEdlatrlC Peptlc Stncture nutritional compromise in children until the latter

part of the 20th century. Treatment consisted of repeated
Lora J. Dunn, MBBS, Andrew G. N. Robertson, MBChB, dilatations, and outcomes were generally poor. The ad-

Arul Immanuel, MD, and S. Michael Griffin, MD vent of surgical intervention consisting of subtotal esoph-
agectomy with gastric conduit reconstruction allowed |
successful treatment of dysphagia. It is now recognized
that the resultant severe reflux experienced by such
patients leads to mucosal damage in the remnant esoph-
Barrett's esophagus results from the long-term effects of agus in the long-term. Here we report a patient who was
both acid and bile reflux. After subtotal esophagectomy and found to have adenocarcinoma on a background of Barrett’s

ncnr\l‘\'\lnn_g in tha acnnhacaal ramnant

¢ Northern Oesophago-Gastric Cancer Unit, Royal Victoria
Infirmary, Newcastle Upon Tyne, United Kingdom

“* Burjonrappa et al(2011): 15% OA/TEF develop BO ~ 10 years after
surgical repair.

% Hsieh et al (2017): 7/542 patients (1.3% ) with OA/TEF developed
IM, as early as at 2 years. Early endoscopic surveillance
should be considered in this GOR-prone population.




British Society of Gastroenterology . .. . e TG

(BSG) new Guidelines (2013) (for adults) "™

“*Defines BO as “oesophagus in which any portion of the
normal distal squamous epithelial lining has been replaced
by metaplastic columnar epithelium, which is clearly
visible endoscopically (=1 cm) above the GOJ and
confirmed histopathologically from oesophageal biopsies”

“*Endoscopic reporting minimum dataset: i) length using
the Prague criteria (circumferential extent, maximum
extent of endoscopically visible columnar-lined
oesophagus in centimetres and any separate islands
above the main columnar-lined segment noted).

“*At the present time, the gold standard diagnostic tool for
BO is endoscopy —

“BO should be endoscopically distinguished ﬁ Q g
from an irregular Z-line
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“*Types of columnar lined oesophagus
1. Gastric cardia type

2. Gastric fundic type
3. Intestinal type with or without

goblet cells

“*American Gastroenterology Association
(AGA) guidelines require the presence of
Intestinal metaplasia with goblet cells
(because IM is the only one of the three
types of oesophageal columnar epithelium
that clearly predisposes to malignancy)
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Small bowel mucosa on histology
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CLO (BSG)



Confirmed @ histology

CLO with Goblet cells Colonic -like




Why is it important early sheffield Childrens (23
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identification of BO neoplastic potential’?

» BO carries 30-60 fold risk of adenocarcinoma
“* Increased incidence in developed world
“* Higher in UK than rest of Europe

“* Higher grade dysplasia correlates with specific
genetic changes
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< Oesophageal adenocarcinoma is of increasing
clinical importance, due to rise incidence among
white males in the Western world

< Dismal prognosis

“* OACs develop almost exclusively in the distal
third of the oesophagus

+*Related to GORD and BO



Why is important to understand e
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“ If BO develops at a paediatric age, it may have a
continuous span until adulthood

“* The identification of risk markers at an early stage
seems attractive

 ldentification of molecular markers may risk-stratify
patients for more efficient surveillance endoscopy,
improve monitoring, diagnosis, and therapy

“* Thus it may alter prognosis
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< BO seems to have > genetic heterogeneity, with
abnormal clones at an early stage sometimes
expanding, sometimes disappearing with other
abnormal clones appearing only at later stages.

< In adults, genomic instability leads to evolution of
multiple aneuploid populations, with the ultimate
development of a clone of cells capable of malignant
invasion.

< Metaplasia—Dysplasia—Adenocarcinoma multistep
process, appears related to MSI

“» Dysplasia: current biomarker of disease progression BO —
BAC



What molecular changes have so far
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< CdX2
“* Multi-probe panels using FISH

“* MSI
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“*Transcription factor involved in the
differentiation of the distal Gl tract &
maintenance of caudal (colonic) phenotype.

+»» Positive in the small intestine and colon.

“*Negative in the oesophagus and stomach
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<12 children (9 M, 3 F) diagnosed with CLO/BO
“*Median age 11.7 (2 -17) years

“*Histology confirmed BO in 31/38 endoscopies

Pediatric and Developmental Pathology 12, 116-126, 2008

Pediatric Columnar Lined Esophagus vs
Barrett’s Esophagus: Is It the Time for a
Consensus Definition?
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< Cdx2 immunostaining was performed in 10/12 cases.

<+ Strong nuclear staining in 4 cases (colonic-like and or
small bowel-like mucosa).

< Negative in 4 cases originally diagnosed as BO (CLO
with no goblet cells).

“* Rare positive cells in 2 cases (CLO containing few goblet

cells).



Cdx2 strong nuclear positivity in 4 c Sheffield Children’s [N 2K

colon like or SB-like
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Cdx2 Negative in 4 CLO

few Goblet cells or regenerative features
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< One patient had a signet
ring cell carcinoma of the
stomach infiltrating the

BE mucosa.

AE1/AE3 +



2. Studies revealing genomic sheffield Childrens [REE)

instability in adult patients

“* Flow cytometry of DNA content of epithelial cells
in BO.

“*LOH at sites of tumour suppressor genes.

“* Loss of heterozygosity at 3p21, 5921, 9p21 and
17p13 present In Barrett's epithelium

“*Some Barrett's adenocarcinoma show MS/ in both
diploid and aneuploid Barrett’s cell populations
as a result of defective mismatch repair during
DNA replication.
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Genetic biomarkers of potential disease
progression described in adults with BAC

were sought in children with Barrett's
oesophagus

Pediatric and Developmental Pathology 13, 310-317, 2010
DOI: 10.2350/09-08-0700-0A.1

© 2010 Society for Pediatric Pathology

Molecular Abnormalities in Pediatric Barrett

Esophagus: Can We Test for Potential of
Neoplastic Progression?
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%10 patients - 8 M and 2 F of histologically confirmed
Barrett's oesophagus without dysplasia

“*Mean age at 1%t biopsy: 9.2 years
(range: 2 months - 15 years)

<2 patients with neurodevelopmental delay
<1 patient with obesity + asthma
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 Morphologically Pre-malignant

Barretlt1’s Low Grade High Grade Bdarrett’s .
oesophagus ; Dvsplasia adenocarcinoma
(Metaplasia) Dysplasia yep

i) i) i)

HER2 Gain del of TP53 Amplification
del of p16 Aneusomy of CCND1

Aneusomy for 4 for©and 11 Aneusomy for 9
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< FISH with 4 probes sets (Abbott Vysis
Corporation)

< 48 paraffin embedded sequential biopsies
(4 micron thick) from 10 patients with Barrett's
oesophagus

<+ Slides processed using our previously published
in-house paraffin section FISH protocol

< Probes were validated on 10 anonymised cases
of adult Barrett's adenocarcinoma
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Case No. HER2/17CEN/ pl16/9CEN TP53/17CEN/ CCND1/11CEN
1 Borderline Failed N.A.D. Aneusomy for 11
amplification of HER2 (Gain)
2 High level N.A.D. Aneusomy for 6 and Aneusomy for 11
amplification of HER2 17 (Gain) (Gain)
3 Aneusomy for 17 Deletion of p16 | Aneusomy for 6 and Aneusomy for 11
(Gain) 17 (Gain) (Gain)
Deletion of TP53
4 Aneusomy for 4 (Gain) | Aneusomy for N.A.D. High level
9 (Gain) amplification of
Deletion of p16 CCND1
5 N.A.D. Aneusomy for Aneusomy for 6 Aneusomy for 11
9 (Loss) (Loss) (Gain)
.6 High level Deletion of p16 | Aneusomy for 6 and Low level gain of
amplification of HER2 17 (Loss) CCND1 over 11CEN
Aneusomy for 4 (Loss)
T N.A.D. Aneusomy for Aneusomy for 6 Deletion of CCND1
9 (Loss) (Loss) Deletion of against 11CEN
TP53
.8 N.A.D. N.A.D. Aneusomy for 6 and Low level gain of
17 (Gain) CCND1 over 11CEN
9 N.A.D. N.A.D. N.A.D. N.A.D.
10 N.A.D. Failed N.A.D. N.A.D.

N.A.D. = No Abnormality Detected




Genetic Changes Frequently
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Detected by FISH in Low Grade Dysplasia  sundetonms

+* Probe Mix 1
HER2/ /

» For detection of
amplification of HERZ
(17912) and aneusomy
(%ain or loss) of
chromosomes 17 and 4

» This cell shows
amplification of HERZ2 and
gain of both chromosomes

17and 4 =




Genetic Changes Frequently
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Detected by FISH in Low Grade Dysplasia  srucaon s

* Probe Mix 2
p16/

» For detection of deletion of
p16 (9p21) and aneusomy
(gain or loss) of chromosome 9

» These cells show deletion of p76

=




Genetic Changes Frequently Detected ., .«...q chilgrens 7S

by FISH in Low/High Grade Dysplasia NS

* Probe Mix 3
TP53/ /

> For detection of deletion of
TP53 (17p13) and aneusomy
(gaC}n or loss) of chromosome 17
and 6

» Aneusomy for chromosome 11,
detected by probe mix 4, is also
seen in these stages

» This cell shows deletion of TP53
and loss of chromosome 6 =
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by FISH in Barrett’s Adenocarcinoma

* Probe Mix 4
CCND1/

» For detection of amplification
of CCND1 (11g13) and
aneusomy (gain or loss) of
chromosome 11

» Aneusomy for chromosome 9,
detected by probe mix 2, is
also seen in BA

» This cell shows amplification
of CCND1 =
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Case CLO /GC Year of HER2/17CEN p16/9CEN TP53/17CEN CCND1/11CEN
Biopsy / /
1 CLO+few GC | 2005 N.A.D. GAIN OF 9 N.A.D. N.A.D.
(4™ bp) M=1.79:1.73:1.64 AND p16 u=1.83:1.78:1.67 pu=1.71:1.71
=1 03:1.00:0.95 DELETION =1 03:1.00:0.94 r=1.00:1.00
M=1.73:3.34
p16/9CEN
r=0.52:1.00
9CEN/17CEN
r=1.93:1.00
2 CLO+GC 2005 N.A.D. p16 DELETION N.A.D. N.A.D.
(2" bp) M=1.77:1.69:1.60 M=0.91:1.72 M=1.73:1.66:1.52 M=1.71:1.65
r=1.05:1.00:0.95 r=0.52:1.00 r=1.04:1.00:0.92 r=1.04:1.00
3 PRE- 2003 GAIN OF HER2 N.A.D. N.A.D. N.A.D.
(1% bp) BARRETT p=3.52:1.71: nN=1.56:1.62 M=1.56:1.51:1.54 M=1.75:1.70
MUCOSA r=2.06:1.00: r=0.96:1.00 r=1.03:1.00:1.02 r=1.03:1.00
3 CLO+GC 2004 N.A.D. p16 DELETION N.A.D. N.A.D.
(2" bp) M=1.65:1.49:1.70 H=0.94:1.69 M=1.53:1.40:1.40 nM=1.90:1.81
r=1.11:1.00:1.14 r=0.56:1.00 r=1.09:1.00:1.00 r=1.05:1.00
5 CLO+GC 2005 N.A.D. p16 DELETION N.A.D. N.A.D.
(4™ bp) M=1.67:1.58:1.51 M=0.81:1.55 pM=1.68:1.55:1.57 pN=1.62:1.59
r=1.07:1.00:0.96 r=0.52:1.00 r=1.08:1.00:1.01 r=1.02:1.00
8 Prox oesoph 2006 GAIN OF HER2 N.A.D. N.A.D. N.A.D.
(1%*bp) | with severe AND OF 17CEN pu=1.85:1.75 pM=1.83:1.78:1.68 nM=1.82:1.81
oesophagitis M=3.25:2.07: r=1.06:1.00 r=1.03:1.00:0.94 r=1.01:1.00
HER2:17CEN
r=1.57:1.00
17:4CEN
r=1.29:

N.A.D. = No Abnormalitv Detected

u = Mean Sianals

r = Sianal Ratio
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“? del of p76 and subsequent gain of 9 and del(9)
p16:9CEN r = 0.52: 9CEN:17CENr =
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Metaplastic
Barrett's
mucosa
depicting
goblet cells
(arrow)

Note the lack
of cytological

atypia




. heffield Children’s [\'/2A)
Case 2 (2" biopsy of 4) e

+~ del of p16 r=0.52:




Sheffield Children’s (/2]

NHS Foundation Trust

Pre—Barrett
mucosa
depicting
squamous
epithelium
with marked
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Basal cell
hyperplasia
and loss of
cytoplasmic
glycogen
iIndicating
regenerative
features of
oesophagitis
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+ Gain of HER2 r = 2.06:1.00
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+~ del of p16 r=0.56:1.00
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+~ del of p16 r=0.52:1.00




Case 8 (1t and only biopsy) Sheffield Children’s 2K
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«» Gain of HER2 r = 1.57:1.00
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“*No evidence of a
squamous epithe

onormal signal patterns in adjacent
lal cells

<175 of 192 hybridisations successful (91%)
» 4 samples failed with all probes - ?fixation

<2 of 10 patients -

gain of HERZ in 1 sample

“*4 of 10 patients — deletion of p76 in 1 sample
“*Median age at time of molecular abnormality: 7yrs

(range : 3yrs (C8)

to 17yrs (C1))
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“*Each case had 1-6 biopsies (1-21 total sample sites)
during a period of 1-4 years

“*All had BO at 15t biopsy (except C 3 oesophagitis)

“*6 samples from 5 patients showed molecular
abnormalities

“*All samples with molecular abnormalities had goblet
cells except for C3 (oesophagitis) which had them in
later biopsies

“*Are these molecular abnormalities in transient cell
populations or indicators of disease progression?
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“*Epithelial change in BO is associated with genetic
changes in children as well as adults

» 50% of patients had at least one abnormal biopsy -
justifies FISH monitoring even at this early stage?
“*Even short periods of exposure to gastro-oesophageal
reflux disease could lead to molecular abnormalities in

some patients
“*Early events in BO, p76 del and gain of HERZ, have also
been identified in adults with Barrett's adenocarcinoma
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“*Absence of TP53 del, CCNDT amp + aneusomy
» these likely to be later events in BO neoplasia
» may not be required for early stage testing

“*Possible association between intestinal type mucosa
and molecular abnormalities

» del p76 in columnar lined oesophagus containing
goblet cells
“*Highlights the need for a consensus definition of
Barrett's oesophagus

“rintestinal metaplasia used as a diagnostic criterium
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“*Detection of molecular abnormalities may warrant
closer clinical follow up

“*Corroborating evidence required as published data
from young patients is rare

“*Other genes may be implicated

» 8924.12-13(MYC), 20q13.2(?ZNF217),
7p12(EGFR)
“? Expand current study to include these
commercially available FISH probes
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“* Microsatellite instability (MSI) was investigated in
paediatric BO with the aim of identifying a
potential marker for patients at risk of
developing dysplasia or adenocarcinoma at a
later stage

“*Used laser microdissection in paraffin-embedded

b I O p S I e S Joumal of Pediatric Gastroenterology and Nutrition N
45:44-49 © 2007 by European Society for Pediatric Gastroenterology. Hepatology. and Nutrition and
North American Society for Pediatric Gastroenterology, Hepatology, and Nutrition
Investigation of Genomic Instability in Paediatric Barrett’s

Oesophagus Using Laser Microdissection on Paraffin-embedded
Endoscopic Biopsies
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“* Microsatellites: stretches of DNA in which a
short motif (usually one to five nucleotides long)
Is repeated several times.

“*MSI: presence of additional microsatellite alleles
(repeat segments) in tumour cells (inherent
susceptibility of these areas to these alterations
+ mutations in the DNA mistmach repair
mechanism that would normal correct these
errors).
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1. Endoscopic biopsies from 6
cases and 6 age-matched
controls.

2. The cells of interest were
retrieved with a laser capture -
microdissection microscope

(Arcturus, Pixcell lie, LCM Cells located
System) s L ~
3. Immediate immersion of the " Microfuge tube cap
H

captured cells in extraction
Laser beam “draw”

buffer
adjacent to the BO were around cells

4. Squamous epithelial cells
assessed as a separate sample.
s Cells adhered to tube
and cap lifted

Area located
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<+ All 6 cases had previous GORD. Related to :
hiatus hernia, obesity and cerebral palsy (each
of 3 cases) and with asthma (2 c)

<3 had Nissen’s fundoplication procedure and 3
required stricture dilatation
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“*No significant MSI was found in the small case
group of paediatric Barrett's oesophagus.

“*MSI needs a longer period? Later in life?

< Only in a proportion of cases?

N/

“*Larger number of cases and molecular markers
are needed to better understand and

characterize early steps in Barrett's malignant
transformation
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