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Abstract O

Barrett’s es@phagus (BE) with high grade dysplasia (HGD) has previously been a routine indication for

esophagectomy. ecint advances in endoscopic therapy have resulted in a shift away from surgery. Current

internatio ines recommend endoscopic therapy for BE with HGD irrespective of recurrence or

progression of dysplasia. Current guidelines do not address the ongoing role of esophagectomy as an adjunct
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in the setting of failed endoscopic therapy. This review examines the role of esophagectomy as an adjunct to

endoscopy in the management of patients with BE and high grade dysplasia, with a specific focus on patients

with persist!nt, prwessive, or recurrent disease, disease resistant to endoscopic therapy, in patients with

concomitant e ageal pathology, and in those patients in whom lifelong surveillance may not be possible or
desired.
Introduqtio nu——

Barrett’s eshBE) is the major risk factor for and only known precursor to esophageal adenocarcinoma

(EAC)." > BEis mef@plasia of the lower esophagus that occurs in response to chronic esophageal injury

G

secondary to esophageal reflux disease (GERD). In a small proportion of patients with BE, EAC develops
through a st€pwisSe Progression from non-dysplastic BE (NDBE) to BE with low-grade dysplasia (LGD) and then
high-grade ad® and finally EAC.> * Despite modest improvements in overall outcomes, EAC remains a

condition with a p prognosis, with a 5-year overall survival between 13% and 20%.” > Its incidence has

L

increased fi ce the 1970s and continues to increase at a rate faster than any other solid malignancy in

Western co ’ This rise in incidence is not completely understood but may be explained by changes in

N

risk factor and lifestyle factors, including obesity and GERD." Effective management of BE with

HGD is of gr ance in the prevention of EAC.

d

14, 15

Historically, with BE and HGD were managed with esophagectomy. This was effective in

complet ving Barrett’s tissue but was associated with significant morbidity and risk of mortality. With

V]

the development of new endoscopic techniques, there has been a dramatic shift towards endoscopic

eradication gherapies (EET) as first-line treatment. Numerous current guidelines recommend endoscopic

I

resection a techniques as initial treatment for dysplastic BE and early EAC.* " This is supported by
high level ith existing meta-analyses and a systematic review and randomized controlled trials
(RCTs) on tmof EET, but no RCTs directly comparing EET with surgery.B'26 There remains a role for
surgery in a set of these patients, with the decision for esophagectomy made on a case-by-case basis.

1

Unfortunat evidence supporting decision making, in particular precisely when a patient should transfer

. . N 27 T . . .
from endos@ppic tre@tment to surgery, is not currently available.”” This literature review aims to examine the

¢

indications and the role of esophagectomy for patients with BE and HGD in the era of EET.

Search s

AU

A review of the li ture was conducted using the PubMed, Ovid MEDLINE, Cochrane Library, and Scopus

databases. Search terms included “Barrett’s esophagus” and “surgery or esophagectomy” and “endoscopic or
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endoscopy” and “high grade dysplasia”. Bibliographies from relevant guidelines, systematic reviews, and meta-

analyses were reviewed and clinical studies on the management and outcomes of BE with HGD were included

in the reviei '
]
Barrett’s es is defined by the American College of Gastroenterologists (ACG) as a premalignant

condition wmmal stratified squamous epithelium is replaced by metaplastic columnar epithelium,
e

specifically

Definition
||

metaplasia above the gastroesophageal junction (GEJ), which extends into the tubular

4

esophagus.’mional definitions vary according to the requirement for intestinal metaplasia (IM) on

histology. | ological diagnosis where columnar-lined epithelium demonstrates specialized intestinal

428,29

characterist ing the presence of goblet cells. The United Kingdom guidelines define BE as distal

esophageal mucosajthat has been replaced by metaplastic columnar-lined epithelium, endoscopically visible,

greater than the GEJ, and confirmed on histology irrespective of the presence of IM.*® In the United

States, Austfalia, and continental Europe, the majority of guidelines stipulate that the presence of IM is

30,31

required to make a diagnosis of BE.

d

Epidemi

M

The rep ncidence and prevalence of BE is variable.”> Ronkainen et al. examined prevalence using a
random population sample with a gastrointestinal questionnaire (n = 3000) and upper endoscopy on a

subsample sthis group (n = 1000). Histologically confirmed BE was found in 1.6% of patients; the prevalence

of BE in pat GERD was 2.3% and 1.2% in those without.”* A large population-based study using the
Northern Ir ett’s Esophagus Register, a large endoscopy database of 261,000 procedures over 13
years, foun prevalence. They also noted an increasing incidence from 1.8% between 1993 and 1997
to 3.5% bet and 2005, with a higher incidence in men.>* Given the high proportion of asymptomatic
cases ar&doscopy in diagnosis, much of the existing data is on selected populations and may not
reflect t in the general population.8 Caucasians are disproportionately affected by Barrett’s in

comparison er ethnic groups.35 Western data therefore may not be generalizable to non-Western

populations.2

AU
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Endoscopic therapies

EET is the first-line treatment for BE with HGD. There are no randomized trials comparing EET with surgery.4’ 1&
2 Guidethe American Society for Gastrointestinal Endoscopy (ASGE) recommend endoscopic
therapy ov or surveillance for BE with HGD.* ** EETs include resection techniques such as
endoscopicmction (EMR) and endoscopic submucosal dissection (ESD), with the addition of
ablative e chmiguessuch as radiofrequency ablation (RFA), argon plasma coagulation (APC), and photodynamic
therapy (Plsl36 The goal of EET is to achieve complete eradication of dysplasia (CE-D) and intestinal

metaplasia (GB-IMigand subsequent re-epithelialization of squamous epithelium.37 The use of RFA is supported

by two RCTsggompagihg intervention with surveillance; however there is no RCT data for any other therapeutic

techniques.B' 2| ovements in endoscopy equipment such as the development of high-definition white light
endoscopy,Wtion, and narrow band imaging have improved the ability to detect and eradicate
Barrett’s-rel lasia.*®

The decreasg in the rate of esophagectomy for BE with HGD is driven by the development and uptake of these
new endoscopic tec niques.39 Shaheen et al. (2009) demonstrated high rates of CE-IM with RFA, with prior
if required (90% in patients with LGD, 81% in patients with HGD). > This marked the
n the treatment paradigm toward endoscopic therapy. Prospective cohort studies have

demons opic therapies to be safe and effective in the treatment of BE with HGD.***

Disease progression

The risk of hn from NDBE to EAC is between 0.12% and 0.61% per annum.>” ***® The lifetime risk of

NDBE to EAQ 13%. The lifetime risk of NDBE to a combined endpoint of HGD or EAC is 17% to 22%."

Thereisaw 2 of reported rates of progression of dysplastic BE in the literature. Progression from LGD

to HGD/EA en 1.3% and 23.2% and progression from HGD to EAC is between 16% and 60% per
annum.”* t pooled analysis found the rate from LGD to HGD/EAC and the rate from HGD to EAC to
be 10.59 nd 28.6% per annum, respectively.53

Given the cumulative ongoing risk of EAC, developing strategies to predict progression of disease has clinical

y assist in targeting therapy to ensure effective treatment of disease and minimize the
morbidity as with overtreatment. One example is a validated model developed by Sravanthi et al.

using male sex, smoking, BE length, and presence of dysplasia to predict annual risk of progression after initial
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diagnosis of non-dysplastic BE from a low risk category (0.21% per annum) to a high risk category (2.1% per
annum).”® A number of biomarkers are also being investigated and are showing promise as a tool to predict
disease pro‘ession'however, none have been validated for clinical use.'® >’ Length of non-dysplastic BE is
associated with_increasing risk of progression to HGD or EAC, with one study finding the mean BE length of

HGD/EAC versus those who did not being 6.1cm and 3.5cm respectively.58

those who @

Current guih the management of BE make recommendations depending on degree of dysplasia.4' >

British guid@lines ré@ommend individualizing surveillance for NDBE based on length and histopathological

C

findings. For without IM and length less than 3 cm on 2 separate endoscopies, patients can be

discharged ur¥eillance given the low rate of progression (O.OS%/annum).16 The ACG and British Society

S

4,16, 17

of Gastroent&f6logy (BSG) guidelines recommend 3-5 yearly surveillance for NDBE with IM. EET is the

recommended treatment for BE with LGD and HGD.* ™

nul

It is import that there is a small but fairly consistent proportion of patients in whom BE progresses

to higher gr splasia despite or during endoscopic therapy. The AIM dysplasia trial reported that 4.2%

23,55

of patients ssive disease despite radiofrequency ablation. In a similar trial by Phoa et al. (2014),

d

1.5% o ndergoing RFA progressed, requiring esophagectomy.60 A recent meta-analysis
demonstrate f patients progress despite therapy, though this figure may be underestimated due to

inter-ob riability and diagnostic heterogeneity.24’ %! This subgroup may represent patients with a more

Ml

aggressive biology or more aggressive BE subtype. Multifocal HGD, nodular or ulcerated Barrett’s metaplasia,

HGD on initjal endoscopy, and length of metaplasia have all been associated with treatment failure.*® *% %% &

¢

Similarly, th ment of EAC can occur despite endoscopic therapy. The ability to identify patients with

more aggre se early could improve treatment planning and determine who may ultimately require

O

more aggre eillance, treatment, or esophagectomy. The development of improved risk stratification
tools is imp etter define the role of surgery and minimize the risk of the development of EAC during

EET or durin@post-EET surveillance.

{

Recurrent and persistent disease

0

Local recurre and dysplasia is relatively common following successful EET but is usually amenable to

further ic treatment.** Pech et al. (2008) studied the long term results following EMR of neoplasia
within Barrett’s es0phagus and found a 21.5% metachronous disease rate after resection.”® This was over a

mean follow-up period of 63 months, with the median period of recurrence after remission being 17 months.
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This study highlights the key argument for the use of ablative therapies with resection in reducing the rate of
metachronous neoplasia. A meta-analysis by Krishnamoorthi et al. demonstrated a 9.5% annual recurrence

rate of inte'inal m’aplasia following CE-IM with RFA and EMR of visible lesions. Where reported, 97% of
these recurrences were amenable to further endoscopic treatment, with the remaining undergoing surgery if
medically fi all studies in the meta-analysis reported on subsequent treatment.®®

Ina meta-ahji{au et al. found a pooled rate of IM and dysplasia recurrence of 4.8% and 2% annually,

respectivel@et al. reported a much higher rate of recurrence: 20% at 1 year and 33% at 2 years post

complete era n of IM.** Sawas et al. (2019) found 14% of patients with BE with HGD receiving EMR and

RFA achievmly with persisting IM.¥ This group were almost 3 times more likely to have recurrence of
nd*even

dysplasia a ore likely to develop recurrent HGD/EAC.

=

There is varﬂne reported rates of recurrence and persistence following ETT. This is partly explained by

alackofau accepted diagnostic definition of Barrett’s metaplasia. In a prospective trial, Cotton et al.
found a gre bility of recurrence of IM in the first year after eradication, whereas Sami et al. found a
constant ra f rence following complete eradication.®® ® There is also a small cohort of patients who do
not achi ith EET. These patients have a higher rate of dysplasia recurrence as compared with those
who do achi JIM (5% versus 12%).”” There are several reported cases where patients have died from
metastati ter endoscopic treatment, with 1/169 in one study and 1/132 in another.”””® The overall rate

of recurrent BE with dysplasia is 5.2/100 life years and the rate of recurrent non-dysplastic BE is 10.8/100 life
years.” It is Jikely that patients with recurrent disease have a different biological subtype and more aggressive
disease. In ients, management strategies should be revisited and may require escalation of EET or

consideratimfry.74 Our current understanding of the nature of Barrett’s subtypes and how to identify

these is ina

In past decﬁhagectomy has been the mainstay of treatment for BE with HGD. This was underpinned
by high rat

inform guidelines.

Surgery ophagus

ression from HGD to EAC and a historically high incidence of occult invasive carcinoma

75-77

(41%) found j sophagectomy specimens where index biopsy demonstrated BE with HGD. Modern

improve@ s@opic diagnostic techniques have reduced the risk of occult carcinoma, with a more recent

78, 79

study finding a raté%f 12.7%. The alternative approach to surgery was frequent surveillance endoscopy
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with biopsy to monitor for progression of disease in order to avoid the morbidity and mortality associated with

76, 80
surgery.

ET for BE with dysplasia, however, still require frequent and usually lifelong surveillance

with biopsies to closely monitor disease.” '
I 39

common, ws the rate of RFA now far exceeding the rate of esophagectomy.™ A retrospective analysis using

With EET, surgery for BE with HGD has become far less
the Nationa Sample database in the United States found the rate of esophagectomy for BE cases was
3.2% in 2014 (3325%pperations for 103,810 BE cases), which is decreased from 6% of cases in 2005 (3631
operations f 5 BE cases). Over this same period, the number of RFA procedures have increased from

o 7
0

approximat 30,000 per year and cryoablation had increased from 1550 procedures in 2007 to 2485

procedures i The move from surgery to EET is supported by recent literature; however, long-term risk
of progression an@ recurrence post EET, the malignant risk of buried Barrett’s, and the safety of

esophagect EET remain untested.

N

The mortali orbidity of esophagectomy has improved. Recent international data demonstrated an

d

operative 2.6%. The vast majority of these cases were for squamous cell carcinoma (SCC) or EAC

and we her risk patients, many being nutritionally deconditioned and post neoadjuvant
chemotherap diotherapy.81 This data cannot be generalized to patients undergoing esophagectomy for

BE who e younger and fitter and where there is no requirement for neoadjuvant therapy.82 A meta-

VA

analysis examining outcomes of esophagectomy and EET for BE with HGD and early EAC demonstrated a major

adverse evept rate and procedural mortality in esophagectomy of 28.3% and 1.2%, respectively; the rates for

[

EET were 1 2%, respectively.25 Major adverse events for EET include stricture formation, bleeding,

and perfor well as severe noncardiac chest pain. By comparison, major adverse events in

O

esophagect de anastomotic breakdown, bleeding, and stenosis.” Major surgical complications often

require prol pitalization and, in certain cases, reoperation.

{

While esop can negate the need for ongoing therapy, complications of esophagectomy can require

repeat endoscopic Mihtervention. One study demonstrated anastomotic strictures developing in 25% of

d

83

patients, requiring agmedian of 2 dilations. Refractory strictures are rare.” Anastomotic leaks are another

ication that require endoscopy for diagnosis and characterization and can be managed
endoscopica stents, jejunal feeding tubes, and endoscopic cIips.84 The existing data on the endoscopic

management of esophagectomy complications concerns cancer patients and is not necessarily generalizable to
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the Barrett’s population. The need for endoscopy for complications of esophagectomy is not uncommon;

however, this is generally required in the short term during the post-operative period and does not require

lifelong repit inter'ntion.s4

A very high chance of immediate cure is the major benefit of esophagectomy. Dysplasia and early cancer can
I

be eliminated in a single procedure. In a small trial of 23 patients, esophagectomy had a high rate of cure for

submucosal ven in the presence of nodal disease (88% 5-year survival without nodal involvement,
67% 5—year<urviva ’vith nodal involvement).85 Nodal status cannot be determined with EET and this has
implications, nexpected mucosal or submucosal EAC following EET.*> ®* In a major worldwide data

series, 5-yeml of esophagectomy for T1 tumours was 75-80% and survival of HGD was 90%. The
ortality®ra

reported m te, however, was not disease speciﬁc.87 A large series of patients with HGD treated by

85, 89

esophagectomy Eejnstrated a higher survival rate than a matched general population sample after 4 years.88

Similar rate ere demonstrated in smaller retrospective studies.

rate of cureEllent survival outcomes for BE with HGD and early EAC.
Current guim not address the precise role of esophagectomy as an adjunct to or following failed

endoscopi BSG, ACG, and the American Gastroenterological Association guidelines suggest BE

These figures demonstrate a high

4, 16, 22 . . .
There are theoretical concerns with this

recurrence s managed as it was prior to initial therapy.
approac ause of persistent or recurrent disease is not well understood and some of these cases may
represent a subset of disease with more aggressive biology. In cases of multiple recurrences of BE, particularly
with HGD, cgnsideration of more definitive therapy or aggressive surveillance may be indicated, as with cases
of disease va despite EET. Luckett et al. identified a number of factors associated with failure of RFA

(Table 1).9()@43% of patients failed to achieve CE-IM and 23.4% of patients failed to achieve CE-D, and

15.7% of p re lost to follow-up and did not have post-treatment biopsies. The length of Barrett’s

segment (gr, n 5 cm) and number of RFA sessions (more than three) were significant predictors.90
GERD, smo and male sex were also associated with incomplete CE-IM and CE-D; however, this was not
significant. Jihe asso@iation between more treatment sessions and failure of eradication may be explained by a

more aggressive or invasive phenotype of disease.
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Indications for esophagectomy

While there are no absolute indications for esophagectomy for BE with HGD, there are a number of relative

[

indicatio by varying levels of evidence. These can be divided into disease-related, procedure-

related, pati d, and institutional-related factors, as summarized in Table 2.

1l¢

Disease-rel,

There is a sfifong ass@ciation between length of BE (>8cm), multifocal dysplasia, and diffusely nodular BE with

. 86, 91
failure of en Ic treatment.

C

In the setting of multifocal HGD and nodularity, which is associated with

62,92, 93 27,62,94

unrecognized indasive EAC, esophagectomy may still be appropriate. In addition, failure of EET, as

demonstrated by €ither recurrent disease, persistent disease, or disease progression, constitutes a relative

62, 86

indication for esopfagectomy. However, although failure of EET is considered to be a relative indication,

U

thereis ala sensus within the literature regarding what constitutes ‘failure of EET’. Consequently, the

number of ¢ procedures permitted without achieving CE-IM or CE-D differs widely in the literature.

N

Shaheen et defined failed endoscopy as four procedures whereas Phoa et al. (2014) allowed five

23, 60

procedures h point esophagectomy was considered. Zehetner et al. had no restrictions, with a

d

range of on essions and a median of three sessions of EMR/RFA before achieving remission.”

Procedu ed factors

M

Complications relating to and hindering EET present another relative indication for surgery. Esophageal

strictures ¢ e endoscopic therapy if they cannot be dilated or if an endoscope cannot be passed. This

[

limits the the the site of stricturing as well as surveillance of the esophagus distal to this. Inability to

resect withi @ re or the inability to lift mucosa should prompt consideration of surgery. The treatment

of any stricture that may develop also increases the risk of esophageal perforation and further dissemination
of disease.’®The stricture rate is highest following PDT (18.5% of patients).97 PDT is now rarely performed due
to conce cost and complication rate.”® RFA has a much lower rate (5.6%), with a higher rate when

performe 10-13%).”

Us

Importantly of the development of stricture secondary to EET is not an indication for surgery.

ally be addressed with endoscopic dilation. Rather, the development of strictures by any
means can complicate further EET, making it technically challenging. In these situations, consideration of

esophagectomy may be appropriate.
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latrogenic endoscopic perforations also represent a relative contraindication to repeat endoscopic treatment.

In this setting, esophagectomy may be warranted, as it deals with both the perforation and stricture, negating

the need fangoin'surveillance and endoscopic treatment.

Patient—relate; ;actors
||

]
Concurrentmeal disease should also prompt consideration of esophagectomy. In patients with
significant eg@phaBeal disease such as severe achalasia or recalcitrant stricture, persistence with endoscopic
D

therapy an eservation may not be in the best interests of the patient.27 BE following treatment for
achalasia is One study found 8.4% of patients with achalasia developing BE following treatment. In

such cases, u develops secondary to chronic GERD following myotomy and pneumatic dilatation."®

These patiejve an increased risk of malignant transformation including squamous dysplasia and SCC
h

due to esophageal sg@sis and post-treatment GERD.™

C

Quality of life implications should also be considered. Following EET, fear of recurrence has a negative impact

on quality d dAthis associated anxiety may not be acceptable to certain patients.102 Certain patients, in

particular young ‘patients, may opt for definitive surgical management over lifelong surveillance.”” % %
Current es suggest endoscopy every 3 months for the first year following clearance, every 6 months for
the second ye annually thereafter.* Rigid adherence to surveillance is vital, with the annual recurrence
rate of nd HGD/EAC being 2% and 1.2%, respectively.66 One study found 13% of patients treated

with EET failed to attend follow-up appointments.103 Patients in regional settings with poorer access to centers

with specia&d endoscopy units may have difficulty in attending and adhering to follow-up protocols. These

factors shou@iscussed with the patient; the patient’s preference must also be taken into account.
lnstitution-!ated factors

Access tWequately equipped to manage BE endoscopically is important. Effective EET requires

104, 105 . . . . .
There is also a requirement for rigorous lifelong surveillance that must

specialist trajgai ndoscopists.
be closely adhered #b. Surveillance and therapy should be performed by specialist endoscopists at tertiary

centers with the ¢ ct equipment.16 Lack of access to such services constitutes another relative indication for

surgery. rgery also requires access to specialist centers, it does not necessitate ongoing repeat

procedures, atient access less prohibitive.
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Esophagectomy following EET

Numerous episodes of prior EET may impact the outcome of esophagectomy.62 Surgery following EET is likely

to be mo y challenging due to peri-esophageal inflammation and scarring. A small case series (n =
15) demon morbidity and mortality of 40% and 7%, respectively, in patients undergoing
esophagect i endotherapyse. This rate was higher than that reported in similar papers examining

esophagectomysfemisiGD and early EAC without prior EET. Increased mediastinal fibrosis and plane obliteration

was encour&edI Earticularly in patients with longer segments of BE and serial ablations.® In light of this,

early identifigatiomgf endoscopic therapy—resistant disease and early consideration of surgery in select cases
B

tep in reducing the potential morbidity of esophagectomy.

N

Quality of li ing surgery

may be an i

In patients rgo esophagectomy for dysplasia or early EAC, post-operative quality of life and long term

functional Eremain positive.106 Moraca et al., examining health-related quality of life (HRQoL) post
t

esophagec GD, found better HRQoL scores than a matched general population sample.107 Sanghera

et al. foun ew that most patients returned to their preoperative baseline approximately 9 to 12
months po:mectomy.108 Rosmolen et al. performed a prospective study comparing impact on quality
of life fi i ry versus endoscopic management in patients with BE and HGD. The impact on HRQoL
was less in t therapy group; however, they suffered a degree of psychological stress surrounding the
prospec se recurrence.'”

Comparisorhnd esophagectomy

There are @ thed reports that compare EET with esophagectomy in BE with HGD and early
adenocarcinoma. These are summarized in Table 3. A Cochrane review initially conducted in 2008 and
subsequentlyf updated in 2012 found 13 published comparative studies, although there have been no

109,110 Ty papers from the Cochrane review were not included as they

publishe controlled trials.
dealt onm and not HGD."'" ' patients treated surgically in these trials have generally failed
endoscopic trea t due to recurrent or extensive disease and therefore may have more aggressive or

treatment-r isease as compared with those that succeeded endoscopic therapy. Conversely, patients

with fewer c ties and less extensive disease are more commonly managed endoscopically. In a meta-

analysis, I. found a shorter mean BE length in endoscopically treated patients as compared with
surgical patients. itionally, the cardiac and pulmonary comorbidity rate was higher in the endoscopic

group.25 A number of outcomes have been examined in comparing EET with surgery, including efficacy,
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mortality and morbidity, quality of life implications, cost, and survival. While the outcomes of EET are generally

favourable, there are situations where EET is less appropriate.25

Zehetner e @ med a retrospective study comparing endoscopic therapy with esophagectomy for HGD

and intramucosal EAC. The rate of intramucosal cancer was higher in the surgery group. Of the 22 patients

I
treated en:SCOpically, 2 ultimately required esophagectomy for recurrent HGD and 5 progressed to cancer
prior to co f ablation. Of the latter, 1 patient had developed submucosal cancer, the other 4 being

mucosal. THE devel@pment of a submucosal cancer is concerning as it represents a known curable disease

G

progressing t entially incurable disease due to inadequate treatment. In the endotherapy group, 69% of

patients achiley, adication of intestinal metaplasia. The long-term history of BE patients treated

55, 69, 95

S

endoscopicallf®is WOt known, with no long-term studies extending beyond 3-5 years. Following

remission throug T, there is an ongoing chance of late recurrence. Esophagectomy can effectively eradicate

103, 111-114

U

BE with HG nstrated by several retrospective comparative studies. While more effective in

eradicating BB agectomy has a higher complication rate and mortality rate and this must be balanced

103, 113,115

against the failure rate of EET.

dl}

The shif sophagectomy is demonstrated by O’Farrell et al. in a single center study examining the
proportion o ith HGD and early EAC treated surgically versus endoscopically at different periods..116 The
existing comparing EET with esophagectomy demonstrated that endoscopic therapy is effective, with

marginally lower cure rates and lower morbidity; however, these studies need to be interpreted with caution

as they have significant limitations including selection biases and heterogeneity. All quantitative studies were

§

retrospecti herent selection biases and noncomparable cohorts. In older studies, EET was generally

offered to p, ought unfit for surgery based on frailty and age, though this is less of a consideration in

O

103, 110
e.

more recen There is also considerable variation among both surgical and endoscopic

techniques, y impacting study outcomes. Furthermore, diagnostic uncertainty and a lack of definition

q

consensus aRd inter-observer variability.

ut

Cost
Esophagecto e treatment of dysplastic BE is cost effective.'”’ Literature on the cost of surgery and
endoth mmarized in Table 4. While Pohl et al. found endoscopic therapy to be more cost effective

than surgery in a decision analysis model ($17,000 USD for endoscopic therapy versus $28,000 USD for

surgery), this did not take into account long-term costs associated with repeat therapy and screening beyond 5
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years. Surgery became more cost effective if long-term impact on quality of life was negligible and operative
mortality rate did not exceed 1%"'® A similar finding was made by Chu et al., where surgery was more cost-

effective, p'vided 'patient considered their quality of life post-surgery to be equal or improved than with

endotherapy a isk of recurrence. Endotherapy was otherwise more cost effective per quality adjusted life
119
year. ! !

Shembre et"af: higher initial costs for surgery but suggest it is more cost effective long term as those
treated surgically ar@ unlikely to generate further costs.'® Hur et al. compared surgery with photodynamic

.. . 120 , . . . .
therapy (PD ame to a similar conclusion.” Lifelong surveillance requirements present an ongoing cost

that shouldmdered. There is considerable variation in cost among different endoscopic treatment
re

ins beyond the scope of this review.

Discussion C
o]

techniques;

The management of BE with HGD has evolved, with almost all patients now being candidates for EET. The

manageme@th HGD can, however, be complex and requires a nuanced approach taking into account
patient expeCtatiofis, comorbidities, and concomitant esophageal disease, clinical experience, prior

treatme isease extent. This review has sought to explore the role of surgery for BE with HGD in the
contemporar . There are a number of knowledge gaps regarding the use of EET for BE with HGD. These
include ent of persistent disease following EET, early recurrence, and multi-recurrent disease, as

well as the cost and quality of life implications of long-term EET. In these situations, esophagectomy should be

considered s a case-by-case basis.

The publishqupporting EET for BE with HGD demonstrates high rates of eradication of IM and

dysplasia.24 !here is an important subgroup of patients with persistent disease despite treatment. Persistent

BE or d e under-recognized in the form of buried glands and potentially under-reported due to

biopsy saw. Persistent IM after dysplasia eradication is significant as it is known to carry a higher risk

of EAC.” Tlines recommend repeat EET in the event of treatment failure, there is no agreement on
y

how man should be undertaken before considering surgery. Some existing studies have used

23,25, 95,121

arbitrary thre om three to six attempts, while others have had no restrictions. While having a

defined f sessions as a treatment cut-off may not be possible, using known factors associated with
treatment failure sh8uld be incorporated to better guide ongoing treatment decisions. Given the association

with poorer outcome of esophagectomy after extensive EET, persistence with endoscopic therapy may not be
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advisable if success seems less unlikely.™ In circumstances where success is less likely, earlier consideration of

esophagectomy may be advisable to improve surgical outcomes.®

T

Patients wit

pcurrent disease following EET are another important subgroup. Review of the existing
literature on t s difficult due to a lack of an accepted definition of persistent versus recurrent IM or
I

dysplasia following EET. While most incidences of recurrent disease are amenable to further endoscopic
therapy, th “tefm implications of recurrent disease have not been reported, with no existing studies

extending hW€yond file years.37' *% % %9 Given that the long-term risk of recurrence is lifelong, endoscopic

C

S current guidelines suggest persistence with endoscopic therapy and surveillance in

follow-up is n ry
cases of recfifrefit IMh Recurrent disease, in particular rapid or multi-recurrence, may be an indication of more
aggressive diseéase®lt may also be secondary to underlying patient factors such as poor compliance with risk

factor modificationand surveillance, and the presence of hiatus herniae and refractory GERD. Until additional

U

information ted regarding the natural history of these cases, these situations are likely to represent
an alternati ne eradication, requiring an alternative treatment pathway, and consideration of surgery
should be gi ase-by-case basis.

Progres sia despite EET may also be a marker of a more aggressive phenotype of disease

analogous to at fails or progresses during neoadjuvant treatment. This subgroup should not be

generali e broader BE population and may require more aggressive treatment. The AIM dysplasia trial

M

demonstrated a small but important group of patients who had progression of disease despite endoscopic

ablation (4%), with one patient developing intramucosal EAC despite treatment; the management of this was

[

not reporte et al. (2008) reported that 3.7% of patients required surgery after failure of EET due to

technical ch econdary to iatrogenic scarring, unexpected submucosal cancer, and inability to achieve

remission a

O

le sessions due to poor healing post EMR.® Other studies on EET also have subgroups
who develo sion of disease or who are found to have invasive carcinoma on EMR specimen but

dysplasia_omM\initial biopsy.122 Clearer guidelines on the management of progressive disease and failed

1

treatment ape needed.

ut

The cost and qualitygof life implications of BE treatment are significant. The impact on quality of life of BE

therapy | the anxiety surrounding fear of recurrence and malignant transformation in EET-treated

patients. Th s and necessary screening requirements and follow-up treatment sessions require a high

level of patient compliance and will not suit all patients, in particular young patients in whom lifelong
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surveillance may not be acceptable or those in remote settings with poor access to an experienced tertiary
center. While esophagectomy should also be performed at specialist centers, the important distinction is that
surgery doa not re'uire ongoing repeat treatment and surveillance. Patients undergoing EET have a lesser

impact on quality of life initially over esophagectomy. Much of the data on esophagectomy outcomes focus on

invasive eso alignancy. Caution must be exercised when generalizing this data to patients with BE as

they likely represe nealthier and less deconditioned cohort with lower clinical urgency, allowing for better
preoperativg,optimization. While the initial cost of esophagectomy is substantial, it is unlikely to generate
further coshing surveillance. In contrast, EET requires long-term follow-up with multiple repeat

procedures [€ading 1 a high cumulative cost. While less relevant to older patients, this becomes a significant

C

factor for yo ents in whom lifelong surveillance is required. The cost and quality of life implications in

surgery and @ET@re€omplex and should be balanced between long and short term implications.

US

The compa erature on EET and esophagectomy carries a number of biases. The literature is

predomina pective. The endoscopic features of the BE cases are generally not well reported in the

N

literature byt likely that patients selected for surgery will have features that may complicate EET, such
as strictures ity, and concurrent esophageal disease. Patients with suspected invasive disease were

also more liel dergo surgery over EET. Significant differences in age and medical comorbidities as

d

well as arrett’s length between surgical and endoscopic cohorts is also likely to have influenced

25
results.

M

The majority of patients with BE with HGD should be offered EET, and this is well supported in the literature.

[

However, t remains a poorly defined group of patients for whom surgery should be considered.
Unfortunat ications for surgery are difficult to precisely document with the existing literature base.
The decisiomrocess is complex and, ultimately, the patient and clinician must be well informed on the
relative ris enefits of each approach in order to tailor the treatment decision accordingly.
Multidiscipli team discussion is appropriate and recommended to facilitate discussion and determination

of approprigte thergpy. The failure to eradicate BE with HGD with EET should prompt consideration of surgery.

¢

Progressive and multi-recurrent disease presents an ongoing concern; these cases may represent more

aggressive biology aid to delay more aggressive or definitive treatment may result in missing a therapeutic

window where poteptially curable disease becomes incurable. The development of improved biomarkers of

disease n and a better understanding of the natural history of the disease will improve our ability to
predict pro and tailor treatment accordingly. Esophageal factors complicating endoscopic therapy may
also indicate the need for surgical resection. Failure to consider these factors may lead to treatment-related

complications, such as perforation, or treatment failure. Other factors associated with EET failure, including BE
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segment length >8cm, nodularity, number of RFA sessions, and degree of dysplasia, should also be used to

better guide treatment decisions and determine who might need esophagectomy earlier versus those in whom

aggressive irsuit iEET is justified.sz’ % Extensive high-grade dysplasia with concurrent disease along with

patient preference and access issues are all relative indications for a patient to undergo surgery without first

pved ability to stratify risk and predict patients who are likely to fail EET is important and

making, avoiding overtreatment and identifying those who may benefit most from
I I .

surgery. Sursry should not be viewed as an alternate strategy to EET but rather a complementary therapy and

should be c where appropriate following discussion between the patient and treating team.

Conclusiom

EET is the management for patients with BE and HGD; however, there remains an ongoing role for
surgery in"mses or as an adjunct to unsuccessful EET. There are various relative indications that
should prom ideration of surgery. The decision for surgery is currently made on a case-by-case basis,
with indicat@@ns not well elucidated in the literature. Further data is required to better define the role of

surgery and expand, on existing treatment algorithms in the modern era of EET. Where appropriate,

management of BE with HGD is cost effective, safe, durable, and efficacious, with an

t profile and impact on quality of life.
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Table 1. Predictors of failure of CE-IM and CE-D in RFA patients90

Patient characteristics CE-IM rate (%) CE-IM failure rate | CE-D rate (%) CE-D failure rate
e (%) (%)

Overall 57.0 43.0 76.6 23.4

HGD 39.3 43.5 36.6 56.0

G o 60.7 56.5 63.4 44.0

mL 72.1 43.4 63.4 48.0

Length >5cr‘ ’ 27.9 56.6 36.6 52.0

<3 RFA sessiggs 67.2 45.7 63.4 40.0

mw 32.8 54.3 36.6 60.0

D

Table 2. Relﬁations for consideration of esophagectomy for BE with HGD

Procedure-related

Patient-related

Institutional-related

Long segments 0O

3

Failure to eradicate
despite repeat

Existing additional
esophageal pathology

Access to
appropriately trained

Presence of

treatment (e.g., end-stage endoscopists
achalasia)
Inability to pass Surveillance Ability to perform

esophageal stricture

compliance post EET

lifelong surveillance

multinodular dysplasia
Inability to%e

Inability to resect

Anxiety surrounding

stage disease

IM or dysp within stricture recurrence
endoscopi

Multiple re s Inability to lift mucosa | Patient preference
of disease or following previous

dysplas intervention

Rapid reculence of Previous or concurrent

disease endoscopic perforation

Progressio er
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Table 3. Summary of comparative studies on surgery and endotherapy for BE with HGD +/- early EAC.

Disease-specific
survival:
NR/94%

EET failure: 3
deaths

Study Study Modalities | Disease Mean Characteristi | Significant
M (patients) follow-up cs outcomes
time (EET/surgery | (EET/surgery)
(EET/surger |)
y, months
I | SE)
Pacifico Wcti EMR/PDT BE with 12+2/ Age”: Stricture rate:
(2003)"* | vesingle- | (24); HGD, 68/67 16%/6%
3 enter surgery intramucos | 19%3 .
(64) al EAC Length”: Procedure-
5.6/6.5 related
mortality:
CCR: 0%/1.5%
42%/31%
Cancer-free
PCR: follow-up:
42%/19% 83%/100%
‘ EET failure: 17%
rasa R beti ; wit +2. ge”: verall survival:
Prasad i | PDT(129); | BE with 59+2.7/61 | Age® Overall survival
(2007)"* |We @ - surgery HGD +5.8 64.5/60.3 91%/91.5%
> nt@ (70) ,
Length”: Procedure-
5.0/7.0 related
mortality:
CCR: 0%/1.4%
30%/14%
PDT failure: 25%
PCR:
L 12%/7% EAC post EET:
6.2%
ASA 3+:
14%/24%
ee cti wit ge”: -year survival:
Reed i | EMR/PDT BE with NR/56° Age’ 5 ival
(2005)"" | We single- (47); HGD 70.0/59.0 NR/83%; 10-
4 surgery year survival:
(49) NR/64%

(recurrent
disease)
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{

T1 + EAC
surgical
specimen
histology: 37%

Schembr

e

(2008)*°
3

: ;

Manuscrre:

Yachim
ki
(2008)*
4

PDT, EMR,
APC,
combinatio
n (62);
surgery
(32)

BE with
HGD or
IMC

20/48°

Age“:
70.0/64.0°

Length”:
5.1/7.2

ASA’:
2.6/2.5

Overall 4-year
survival:
89%/93%

Persistent
dysplasia:
13%/3%

Progression to
EAC: 6%/0%

T1 + EAC
surgical
specimen
histology: 25%

Operation
mortality:
2%/0%

Major
complications:
8%/13%

Hospital
charges:
$40,079/566,06
0

S etrospecti

]

2

uth

APC, PDT,
PDT/EMR
(137);
surgery
(82)

BE with
HGD or
EAC

NR

Age”:
64.5/60.3

Length®:
5.0/7.0

CCR:
30%/14%

PCR:
12%/7%

Factors
associated with
esophagectomy:
age (<60), initial
consult by
surgeon (versus
gastroenterologi
st) (OR =35.1),
Cancer stage
T1lsm or greater
(OR =16)

O’Farrel

(2013)*
5

specti

(]

0}

=)
o
®

EMR + RFA
(25);
surgery
(40)

BE with
HGD, IMC
+ T1lsm

NR

Age”:
67.0/65.0

Length®:

Proportion
surgery 2000-
2006: 96%

Proportion
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5.4/5.5 surgery 2007-
2011: 55%
ASA 3+:
H 20%/10% Morbidity:
35%/4%
Rosmole @ 2cti | Endothera | BE with 12-60 Endotherapy
n , 0 py (66); HGD or months group reported
(2010)'im | sectional surgery early EAC post greater fear of
6 udy (29) treatment recurrence.
Surgery group
‘ ’ reported eating
problems +
m reflux symptoms
Rosmole spective | EMR/RFA BE, BE with | Questionnai | Age”: Endotherapy
n oL | (42); dysplasia, re2+6 62.7/64.8 group reported
(2017)*° | study i surveillanc | early EAC, | months greater fear of
2 e (44); >TIN1 post Rx Length”: NR recurrence
C surgery
(21); Surgery group
advanced reported worse
surgery Qol on physical
m (28) + mental scale
of SF-36 +
EORTC-QLQ-C30
Schembr cti | EMR, PDT, | BE with NR Age”: Similar QoL
e single- APC, HGD or 70.0/63.0" impact of
(2010)* nter QoL | combinatio | IMC endotherapy +
7 study n (27); Length”: 5/7 surgery based
surgery d. on SF-36 +
L (13) ASA” GlaLl. No
2.6/2.5 o
significant
O difference found
Negative QoL
impact greater
on younger
surgical patients
Thomas cti | APC (5); BE with 21/60 Age”: Overall survival:
(2005)* | ve reviix surveillanc | HGD 70.0/58.0 NR/62.5% at
8 th e (2); . 18.5 months
{ surgery (8) Length”:
6.0/7.6
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Zehetne | Retrospecti | EMR/RFA BE with 34/17° Age”: Morbidity:
r ve single- (40); HGD £ IMC 66.0/68.0° 0%/39%
(2011)*® | center surgery , _
I ' (61) Length”: 3-year survival:
3.0/4.0 94%/94%
Q CCR: EET failure: 3
28%/36% patients (2 HGD,
N | 1 EAC)
PCR:
L 43%/33%
aYears O

b
Mean length (

S

C .
Median value

d
Average scor

U

PCR, pulmona omorbidity rate; CCR, cardiac comorbidity rate; NR, not reported; SF-36, short form (36) health survey; GIQLI,

gastrointestina life index; EORTC-QLQ-C30, European Organisation for Research and Treatment of Cancer Quality of Life

§

Questionnaire; SE, standard error; ASA, American Society of Anesthesiologists; CCI, Charlson Comorbidity Index

Ma

Table 4. Cost a -adjusted life years (QALYs) of Barrett’s esophagus (BE) treatments
Study Design Cohort Treatment modalities Outcomes Comments
(country) (Cost/QALYs)
Schembre RM 94 patients | Endotherapy, Endotherapy: QALYs not assessed
(2008)' | review from | with BE and | esophagectomy
si HGD or early $40,079 USD
i @ EAC
Esophagectomy:
$66,060 USD
Boger Hypothetical | Esophagectomy, RFA with | Endoscopy: Surveillance as per UK guidelines
(2010)" cohort of | surveillance,
100 patients | esophagectomy for | £6,653/14.2
age 64 with | recurrent/persistent
HGD in BE EAC/HGD on surveillance Esophagectomy:
s £8,555/13.8
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Pohl Decision Base-case Esophagectomy, EMR with | Endoscopy: Study examines EAC (rather than
(2009)**® analysis (U.S.) | patient: 65M | ablation, surveillance with dysplastic Barrett’s)
with  early | esophagectomy for | $17,408 USD/4.9
EAC recurrence
I ' Esophagectomy:
$27,830 USD/4.6
Hu D @ Base-case Esophagectomy versus | Endoscopy: 20-year period
(2016)**° Bl patient: 65M | EMR-RFA + surveillance +/-
n W with HGD esophagectomy $52,500 USD/11.5
L Esophagectomy:
$74,300 USD/11.4
Inadomi ision Hypothetical | No surveillance, RFA + | No surveillance: Figures shown for BE with HGD only
(2009)™*° ana cohort of | surveillance, APC with
| patients surveillance, PDT with | $1,859 USD/12.4
aged 50 with | surveillance, surveillance,
BE with | esophagectomy RFA with
HGD, LGD, surveillance:
and no
dysplasia $20,776 USD/15.7
APC with
surveillance:
$22,117 USD/15.6
PDT with
surveillance:
$34,580 USD/15.7
Surveillance:
$48,354 USD/14.82
Esophagectomy:
$58,973 USD/15.0
Hur V\,= Base-case Surveillance, Surveillance:
(2003)**° Mo ) patient: 55M | esophagectomy +
with HGD surveillance, PDT + | $27,800 USD/10.0
surveillance
Esophagectomy:
$41,100 USD/9.4
PDT:
$48,200 USD/11.6

Auth
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