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Abstract

Background and Aims: Endoscopic eradication therapy (EET) is the first line approach for
treating Barrett’s Esophagus (BE) related neoplasia globally. The British Society of
Gastroenterology (BSG) recommend EET with combined endoscopic resection (ER) for
visible dysplasia followed by endoscopic ablation in patients with both low and high grade
dysplasia (LGD and HGD). The aim of this study is to perform a cost-effectiveness analysis

t

for EET for treatment of all grades of dysplasia in BE patients.

ip

Methods: A Markov cohort model with a lifetime time horizon was used to undertake a cost

cr

effectiveness analysis. A hypothetical cohort of United Kingdom (UK) patients diagnosed with
BE entered the model. Patients in the treatment arm with LGD and HGD received EET and

us

patients with non-dysplastic BE (NDBE) received endoscopic surveillance only. In the

comparator arm, patients with LGD, HGD and NDBE received endoscopic surveillance only.

an

A UK National Health Service (NHS) perspective was adopted and the incremental cost
effectiveness ratio (ICER) was calculated. Sensitivity analysis was conducted on key input

M

parameters.

Results: EET for patients with LGD and HGD arising in BE is cost-effective compared to

ed

endoscopic surveillance alone (lifetime ICER £3,006 per QALY gained). The results show that
as the time horizon increases, the treatment becomes more cost-effective. The five year

pt

financial impact to the UK NHS of introducing EET is £7.1m.

ce

Conclusions: EET for patients with low and high grade BE dysplasia, following updated

Ac

guidelines from the BSG has been shown to be cost-effective for patients with BE in the UK.

Keywords: Barrett’s Esophagus, Esophageal Cancer, Radiofrequency Ablation, Endoscopic
Resection, Cost-effectiveness

1. Introduction
Barrett’s Esophagus (BE) is a premalignant condition which arises when the normal
squamous esophageal mucosa is replaced by metaplastic columnar epithelium that
predisposes to neoplastic progression [1]. Patients with chronic gastro-esophageal reflux
disease are predisposed to BE and is found in up to 15% of people [2] undergoing upper
gastrointestinal (UGI) endoscopy, estimated to be around 18,600 people per year [3, 4]. BE
may progress to invasive esophageal adenocarcinoma (EAC) through low-grade (LGD) and

ip

t

high-grade (HGD) dysplasia [5]. Current estimates range at an annual progression rate of

cr

0.12-0.5% [5-7]. However once LGD and HGD are pathologically confirmed then the risk of

us

cancer progression is significant enough that all worldwide societies recommend early
intervention with endoscopic eradication therapy (EET) to prevent cancer developing [1, 8,

an

9]. The prognosis from EAC remains very poor indeed with a 5 year survival of less than
15% in the UK [10] and therefore this approach is attractive.

M

The reported risk of neoplastic progression from LGD varies significantly from 0.6%

ed

to 13.4% per patient year [7, 11-13]. Whereas the risk of progression from HGD is reported
from 7 to 19% [14-16]. The variation in reported risk of progression is likely to be due to

pt

misclassification between different BE grades during pathology reporting [13].

ce

Current management options for BE are dependent on the degrees of dysplasia: for non-

Ac

dysplastic BE (NDBE), an initial endoscopy should be performed, followed by endoscopic
surveillance at an interval of approximately three to five years depending on the length of BE
[17]. For patients with LGD confirmed on two occasions by specialist pathologists then EET
can be offered. The management of HGD or intramucosal cancer (IMC) with no submucosal
invasion is EET, based on several high quality studies and most international guidelines [4, 9,
18-20].

In 2010, NICE recommended using EET for patients with HGD with endoscopic mucosal
resection (EMR) prior to ablative therapy [4]. A recent change in the recommendations
published by the British Society of Gastroenterology (BSG) in 2017 states that endoscopic
ablation, preferably with Radiofrequency Ablation (RFA), should now also be offered to
LGD patients with a confirmed diagnosis on two separate occasions [17, 21] as studies
suggest that surveillance is less effective than RFA in preventing disease progression [22].
Despite evidence and Society recommendation, the National Oesophageal Cancer
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t

Audit in 2016 suggests that up to 30% of UK patients with high grade dysplasia are still

cr

undergoing endoscopic surveillance alone as a disease management strategy rather than EET
[23].

us

The potential higher risk of progression to invasive cancer with endoscopic

an

surveillance alone in patients with confirmed dysplasia may result in a greater health burden
and cost impact to the NHS not to mention the significant impact on patients’ quality of life

M

with the associated mortality and morbidity. The use of a management strategy of EET for

ed

all dysplasia (LGD and HGD patients) over that of endoscopic surveillance may have
significant economic implications for health authorities nationally.

pt

This study aims to evaluate the cost effectiveness of EET, versus endoscopic

ce

surveillance only as a management strategy for patients diagnosed with LGD or HGD in the

Ac

UK health care model.

2. Methods

An economic model framework containing a cost-effectiveness model (CEM) and budget
impact model (BIM) was developed in Microsoft Excel® (Microsoft Corporation, Redmond,
WA). The CEM was constructed from the perspective of the United Kingdom National

Health Service (NHS) and Personal Social Services (PSS) using a hypothetical cohort of
patients diagnosed with BE. A lifetime time horizon and annual discount rates of 3.5% were
applied to costs and benefits, as recommended by the NICE reference case [24]. The CEM
used an annual cycle length, with a cohort of patients (mean age 62 based on average age of
diagnosis within the UK NHS [25, 26]) entering the model. Patient level benefits in the CEM
were quantified using Quality Adjusted Life Years (QALYs), with the key output being an
Incremental Cost-Effectiveness Ratio (ICER).
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Additional parameters were included into the CEM in order to estimate the financial

cr

impact associated with using EET in LGD/HGD patients. The BIM used a maximum time
horizon of five years and recorded the cumulative number of procedures as well as the total

us

costs in each of the two treatment arms annually. Including a BIM into the economic

an

framework provides results that are more relevant to hospitals and clinicians.

M

2.1 Overview of cost-effectiveness model structure

The structure of the state transition cohort model utilised is shown in Figures 1a and 1b. At

ed

time t=0, patients who do not receive EET enter the model in one of three health states:

pt

NDBE, LGD or HGD. Thereafter, individuals either remain in their previous health state,

ce

move between health states (including progression to EAC) or die based on a series of
transition probabilities. All patients who transition to the EAC state undergo surgery with

Ac

esophagectomy, from which a small proportion will die or are cured [23].
In the treatment arm, patients with either confirmed LGD or HGD are initially

managed by EET (EMR being used in a proportion of patients prior to RFA as per most
recent published studies [19, 27]), with success defined on the basis of dysplasia eradication
(yes/no). Patients were deemed to have had successful disease clearance post EET after 2
consecutive negative endoscopies where biopsies acquired from the neo-oesophagogastric

junction (OGJ) and the previous BE segment with Seattle protocol sampling showed no
residual neoplasia or intestinal metaplasia. Individuals with NDBE received surveillance
only regardless of which arm of the model they are in (treatment or comparator). Allocation
across each of the health states is made in a similar manner in both arms of the model
following the use of EET, with transition through the health states being at an identical rate to
that used in the comparator arm. Individuals are considered ‘new’ to either LGD or HGD if

t

they were not there in the previous cycle. Death is again possible from all health states.

ip

2.2 Population and treatment efficacy estimates

cr

A targeted literature search was undertaken on published economic evaluations of RFA, a key

us

component of the EET strategy, to identify relevant studies which might contain inputs to

an

populate the model. Expert opinion was used to populate inputs where published literature
was not identified.

M

The proportion of patients entering the model in each of the health states in the
comparator arm was taken from a UK Health Technology Assessment (HTA) report

ed

commissioned by the National Institute for Health and Care Excellence (NICE, Table 1).

pt

Shaheen et al [28] reported randomised control trial data on the treatment efficacy of

ce

RFA for both HGD and LGD. These estimates were used in the model for HGD (Table 1),
however, more recent data was available from Small et al. [29] on the effectiveness of RFA

Ac

for LGD specifically and so these were used in the base case analysis (Table 1). The impact
of using the older estimates, such as those found in the SURF trial [30], were explored in a
sensitivity analysis.

Three studies reporting natural history transition probabilities of BE were identified,
all reporting similar inputs [15, 28, 31]. Das et al. [31] had some missing data necessary to
populate the model and so was not used in the model. As Inadomi et al. [15] was the most

up-to-date and adjusted rates to fit overall cancer incidence statistics, this was used as the
model base case (Table 1). The use of the other two data sources were explored in sensitivity
analyses.

2.3 Costs and resource use
Only direct health care resource use was included in the analysis (CEM or BIM). Unit costs
for medical treatment were derived from the most recent version of appropriate UK databases

ip

t

at the time of model parameterisation (2017) [32, 33]. Drug costs for proton pump inhibitors
(PPIs; omeprazole, lansoprazole, rabeprazole, pantoprazole and esomeprazole), used for acid

cr

suppression during and after the treatment phase, and H2 antagonist drugs were sourced from

us

the British National Formulary Evidence [34]. The drug dosage for PPIs was doubled for

an

patients undergoing endoscopic treatment, based on clinical expert advice. Drug costs were
applied for 12 months following EET. Resource use was taken from a range of sources,

M

including expert opinion from clinicians. The same cost and resource use inputs as used in
the cost-effectiveness analysis were used in all budget impact calculations.

ed

A summary of costs and resource use assumptions used in the model is provided in

pt

Table 2.

ce

2.4 Health Related Quality of Life (HRQoL)

Ac

Health state preference weights (utilities) were derived from the published literature (Table
3). The utility for an individual cured from BE post esophagectomy was calculated using
data from Inadomi et al [15].
To calculate estimates for health states, disutilities reported in a recent UK clinical
guideline developed by NICE [32] were subtracted from the UK age and gender adjusted
EuroQol five dimension (EQ-5D) population norms for the age group modelled [35]. This
differs to that calculated in the literature in which disutilities were subtracted from a baseline

utility score of 1 (perfect health) for those without BE. However, it is unrealistic that patients
without BE will have perfect health.
Disutilities were also applied following particular events (stricture, surgery for
perforation, RFA or EMR and esophagectomy). The periods of time over which these
decrements were applied are: stricture – one week, EMR, RFA or perforation surgery – two
weeks, esophagectomy – nine months.
A summary of all HRQoL related parameters used in the model is provided in Table

ip

t

3.

cr

2.5 Adverse events and mortality

us

The rates of stricture during a RFA procedure was taken from a recently published study [19].

an

No evidence for the rate of perforations during a RFA procedure was identified and so we
used expert opinion to inform the base case model parameterisation (Table 3). The absolute

M

mortality risk associated with an esophagetomy was taken from a National OesophagoGastric Cancer Audit [23] and the age and gender adjusted all-cause mortality data was

pt

ed

sourced form UK life tables [36].

2.6 Additional parameters used to inform the BIM

ce

The UK population, correct at the time of model construction, was taken from UK

Ac

government statistics [37] and the overall incidence of BE from a recently published study by
Masclee et al. [38].

2.7 Uncertainty analyses
In addition to exploring the implications of using alternative data sources for key model
parameters, Univariate sensitivity analyses were conducted on key model inputs in order to
observe the impact on results when one input is varied. Threshold analyses were also

undertaken for key clinical parameters in order to quantify the impact of these parameters on
the cost-effectiveness results.
Probabilistic sensitivity analysis (PSA) was also undertaken to examine the impact on
results when all input parameters in the model are varied at the same time. A probability
distribution was assigned to each parameter. The model randomly draws a number from each
parameters distribution, generating a unique result for each section of the model. The model

t

is run for many iterations and, for each iteration, a result is generated.

cr

ip

3. Results

us

3.1 Cost-effectiveness analysis

Over the course of a BE neoplasia patient’s lifetime, compared to surveillance only, treatment

an

with EET offered an additional 0.17 QALYs but at a per-patient cost of £502. The ICER is
therefore £3,006 per QALY gained (Table 4). The lifetime cost of EET (+£3,667) is almost

M

completely offset by reductions in the cost of treatment for LGD and HGD (-£1,463 and -

ed

£2,008 respectively, Table 4).

In the probabilistic sensitivity analysis, the ICER was below a cost-effectiveness

pt

threshold of £20,000 per QALY gained in 74% of simulations, with 79% of simulations

ce

generating ICERs below £30,000 per QALY gained (using a threshold of £30,000 (Figure

Ac

2)). The use of EET in addition to conventional screening was cost-saving in 40% of
probabilistic analyses.

3.2 Budget impact analysis
Combining the overall population of the UK and the published annual incidence of Barrett's
esophagus results in an estimated 17,955 incidence cases per year. Among these patients, at
all years assessed, the use of EET resulted in substantive reductions in predicted numbers of

both surveillance procedures and esophagectomies (Table 5). Over a five year time frame,
the cumulative cost of introducing EET into the UK health care system is approximately
£7.1million (Table 5).

3.3 Sensitivity Analysis
One-way sensitivity analysis were conducted on all key variables within the model, with the

t

model being generally very robust to changes in all parameters. The results from key

ip

structural uncertainty analyses are presented in Table 6. The model was also robust to the

cr

use of alternative data sources to inform LGD cure rates and the natural history of BE with all

us

ICERs generated being below (or only very marginally above) £20,000 per QALY gained.
Alterations to the starting distribution across the health states also only had a modest impact

an

on the ICER, with EET being the dominant strategy in HGD patients (increased benefits at

M

lower cost) and having an ICER of approximately £15,438 per QALY gained in LGD
patients (Table 6).

ed

Deterministic threshold analyses around key parameters are presented in Figure 3.

pt

The model was sensitive to changes in the scaling factor applied to the NDBE transition rate,
with a reduction in this parameter resulting in an increase in progression out of this health

ce

state. The ICER increases beyond £20,000 per QALY gained if the transition rate is 25%

Ac

higher (i.e. the scaling factor is approximately 0.75). The model was also very sensitive to
changes in the time horizon used in the analysis, with ICERs being below £20,000 per QALY
gained after approximately four years. The model conclusions were robust to changes in the
dysplasia eradication rates associated with EET in HGD or LGD patients and no meaningful
parameter values generated ICERs in excess of £20,000 per QALY gained.

4. Discussion
The aim of this study was to evaluate the cost effectiveness of EET, which in the majority of
patients uses a combination of EMR for visible lesions, followed with sequential RFA
treatments and finally concluding with endoscopic surveillance after successful endoscopic
eradication, versus endoscopic surveillance only as a management strategy for BE patients
diagnosed with LGD or HGD in the UK. The study aimed to reflect the updated BSG
recommendations which recommend that endoscopic ablation, preferably with RFA, should

ip

t

now also be offered to LGD patients with a confirmed diagnosis, in addition to HGD patients

cr

[21].

us

The model estimates that EET for Barrett’s esophagus patients with dysplasia (both
HGD and LGD) in the UK is cost-effective when compared to providing surveillance only.

an

The ‘per patient’ results show that with a lifetime time horizon, although the total costs are
greater in the treatment arm (EET), this is offset by a greater number of total QALYs, giving

M

an ICER of £3,006 per QALY gained. Furthermore, over a five-year time frame, the

ed

cumulative cost of introducing EET into the UK health care system is approximately
£7.1million which is significant within the context of the current climate of limited and

pt

rationed resources for health care. Both cost effectiveness and budget impact results may be

ce

conservative if true cost of care preceding and following procedures such as esophagectomy
is higher than what is captured within the NHS reference cost.

Ac

The costs relating to EET include the cost of EMR for visible lesions, sequential

sessions of RFA, adverse events as a result of EET such as stricture formation requiring
dilation, and additional drugs taken as a result of RFA. The results show that in the treatment
arm there are much lower costs of LGD, HGD and EAC. This is due to patients with LGD
and HGD receiving treatment (EET) and therefore returning to the NDBE health state. When
patients are in this (NDBE) health state they incur lower costs because, rather than incurring

treatment costs, they only require surveillance once every 2-5 years. In contrast, within the
comparator arm, patients are progressing more quickly, therefore incurring lower quality of
life and higher costs.
At the cost-effectiveness threshold used by NICE in their decision-making process
(£20,000 per QALY gained), there was a 74% chance that EET was good value for money,
with EET being cost-saving to the UK NHS in approximately 40% of all probabilistic
simulations. The model was robust to alterations to all parameters except the rate at which

ip

t

patients remain in the NDBE health state, with cost-effectiveness being achieved after

cr

approximately three years. The rate at which individuals remain in the NDBE health state
have to be around 50% for the ICER to exceed £30,000 per QALY gained. The base case

us

value is 96.4%.

an

Continual advances in minimally invasive endoscopic therapy, especially with
advanced imaging to guide EMR followed by RFA, should translate into higher rates of

M

disease eradication with an optimised safety profile for these patients making this

ed

preventative strategy more patient and cost friendly.

From a budget impact perspective, the use of EET resulted in a 42% reduction in the

pt

number of esophagectomies and a 49% reduction in the number of surveillance procedures.

ce

The latter corresponds to 27,100 fewer procedures undertaken over a five year period which
will have a notable impact on service provision within the UK NHS. The estimated five year

Ac

financial impact to the UK NHS of using EET in BE patients is £7.1 million.
The results of this study align with the previous literature which has shown RFA to be

cost effective for LGD and HGD separately [22, 25, 39]. Although the previous analysis of
RFA for only HGD patients resulted in a marginally lower ICER (£1,272) [39], the current
analysis highlights that use of RFA for both LGD and HGD patients remains significantly
cost-effective (ICER: £3,006). Although, NICE clinical guidelines reported ICERs far in

excess of the current results (£24,829 [3]). The value in the NICE clinical guideline was
generated based on information correct as of 2010 and can therefore be viewed as an outlier
since this document is scheduled for an update early in 2018.
A recently published paper by Esteban et al (2016) [40] assessed cost-effectiveness of
EET for BE patients with high or low grade dysplasia in Spain. The results of this Spanish
model align very closely with the overarching results from our model and as such strengthen
confidence in our primary conclusion, namely that EET is a cost-effective use of UK NHS

ip

t

funds in both patients with LGD and HGD. This finding should help inform future national

cr

policy and local commissioning decisions regarding affordability and patient access.

Many patients are still receiving surveillance only in the UK [17], with up to a third of

us

UK patients with HGD undergoing surveillance for reasons that are not transparent. Without

an

EET, there are potentially more patients’ with LGD, HGD and IMC that may progress to
invasive cancer as patients progress between the various health states. As patients with

M

dysplasia progress to cancer and are offered surgery without EET, this results in more

ed

patients being ‘cured’ after esophagectomy. This also results in a small proportion of patients
dying from surgery but more significant numbers with significant post-operative morbidity

pt

with a prolonged lower quality of life after surgery (compared with a person who does not

ce

have BE) [41, 42]. Patients with LGD who have been managed with surveillance alone for a
long time could progress to HGD at any point and are potentially at “high risk” as evidenced

Ac

by recent randomised controlled trials (RCTs) [20, 22, 30]. Through managing these patients
with EET, commissioners could avoid the potentially high costs associated with progression
to cancer.
As with any economic model, there are a number of limitations to the current study
that should be noted. A number of inputs used in the model relied on expert opinion as
evidence based literature was not available. However, these inputs were tested in the

sensitivity analysis and did not impact on overall conclusions from the analysis (EET is a
cost-effective treatment). The parameter with the highest degree of uncertainty was the
natural history transition probabilities of BE. Inputs from alternative sources [15, 28] were
tested in the one-way sensitivity analysis and produced ICERs below, or only very marginally
above the UK cost-effectiveness threshold (max value: £20,057 per QALY gained). The
model does not include the possibility of dysplasia recurrence following successful treatment.
However, evidence suggests that the rate of recurrence is low [43]. Therefore, it is not

ip

t

believed that including the recurrence of dysplasia within the model would substantially alter

cr

the results. Further, the model does not factor in false negatives and assumes that all patients
receive the correct histological diagnosis prior to receiving any treatment. We know that

us

pathological consensus for LGD for example can often be problematic with low inter-

an

observer agreement even with expert pathologists [1, 13, 44]. However, this may not be the

M

case in the real world.

ed

5. Conclusions

pt

This study demonstrates that, following recently updated guidelines from the BSG, the use of

ce

EET for the management of BE patients with all types of dysplasia is cost effective in the UK
population. The results of this study provide justification for NHS healthcare providers to

Ac

follow the updated BSG guidelines and evolve treatment from surveillance alone to EET for
patients with a confirmed LGD diagnosis.
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TABLES
Table 1:

Effectiveness inputs and sources

Description

Value used

Source/ comment

Starting distribution of patients across health states (comparator arm)
NDBE

83.4%

Garside et al. [45]

LGD

12.1%

Garside et al.[45]

HGD

4.5%

Garside et al.[45]

Complete

eradication

of

ip

t

Success of RFA for HGD
Shaheen et al. [28]– 2 year data
92.6%

cr

dysplasia

Shaheen et al. [28] – 2 year
7.4%

us

Residual dysplasia

data

an

Success of RFA for LGD
Complete eradication of IM

Small et al.[29]

M

95.6%
and/or dysplasia

4.4%

ed

Residual dysplasia

Small et al. [ 29]

Natural history transition probabilities

pt

NDBE to NDBE

NDBE to HGD

Ac

NDBE to EAC

ce

NDBE to LGD

96.4%
2.8%
0.5%
0.3%

LGD to NDBE

34.7%

LGD to LGD

61.2%

LGD to HGD

2.8%

LGD to EAC

1.4%

HGD to NDBE

0.5%

Inadomi
rates
Inadomi
rates
Inadomi
rates
Inadomi
rates
Inadomi
rates
Inadomi
rates
Inadomi
rates
Inadomi
rates
Inadomi
rates

et al. [15] Adjusted
et al. [15] Adjusted
et al. [15] Adjusted
et al. [15] Adjusted
et al. [15] Adjusted
et al. [15] Adjusted
et al. [15] Adjusted
et al. [15] Adjusted
et al. [15] Adjusted

HGD to LGD

3.9%

HGD to HGD

92.6%

HGD to EAC

3.0%

Inadomi et al. [15] Adjusted
rates
Inadomi et al. [15] Adjusted
rates
Inadomi et al. [15] Adjusted
rates

Abbreviations: NDBE: Non-dysplastic Barrett’s Esophagus; LGD: Low-grade dysplasia; HGD: High-grade
dysplasia; RFA: Radiofrequency Ablation; EAC: Esophageal Adenocarcinoma

Cost and Resource use inputs
Source

t

Unit
Description

Notes/ comments

ip

Table 2:

cost

cr

DRG/ HRG Tariff values

costs [33]
£1,709

Endoscopic, Upper or Lower Gastrointestinal Tract
Procedures, 19 years and over. Elective inpatient.

an

RFA

us

NHS Reference Weighted average of values Major Therapeutic

M

Mean number of sessions (3) based on published
literature [30]

ed

NHS Reference Weighted average day case values for Major
costs [33]
£678

Ac

ce

pt

EMR

Cost of stricture

Therapeutic

Endoscopic,

Upper

or

Lower

Gastrointestinal Tract Procedures, 19 years and over.
Mean number of treatments (1) based on expert
opinion

NHS Reference Based on expert opinion and published literature [32]
costs [33]

assumed to be 1.3 day case and 1.3 elective
procedures. Costs for each a weighted average of

£4,663
relevant reported values for Major Therapeutic
Endoscopic, Upper or Lower Gastrointestinal Tract
Procedures, 19 years and over

NHS Reference Weighted average of reported values for Complex,
Cost

of

costs [33]

Esophageal, Stomach or Duodenum Procedures, 19

£7,166
perforation

years and over, cc score of 2-3. (Elective inpatient
only)
NHS Reference Weighted average of reported values Complex,
costs [33]

Esophagectomy

£8,968

Esophageal, Stomach or Duodenum Procedures, 19
years and over, cc score of 2-3. (Elective inpatient).
Cost of six additional days of stay added based on

ip

t

expert opinion (£300 per day)

Endoscopy/

Upper and Lower Gastrointestinal Tract Diagnostic

us

costs [33]

cr

NHS Reference Weighted average of reported values for Combined

Endoscopic Procedures with Biopsy, 19 years and
£686
over.

Resource use protocol based on published

an

biopsy

literature [1] and expert opinion [NDBE: 1 every 3

Drug costs (annual unless otherwise stated)

£87

Ac

Rabeprazole

£46

Pantoprazole

Esomeprazole

Ranitidine

£91

£67

£445

Common usage in all three health states (NDBE,

ed

British
National
Formulary [34]

pt

Lansoprazole

£44

LGD, HGD) based on expert opinion

British
National
Formulary [34]

Common usage in all three health states (NDBE,

British
National
Formulary [34]

Common usage in all three health states (NDBE,

British
National
Formulary [34]

Common usage in all three health states (NDBE,

British
National
Formulary [34]

Common usage in all three health states (NDBE,

British
National

Cost of Ranitidine H2 antagonist drugs assumed to

ce

Omeprazole

M

years, LGD: 2 per year, HGD: 3 per year] [29]

LGD, HGD) based on expert opinion

LGD, HGD) based on expert opinion

LGD, HGD) based on expert opinion

LGD, HGD) based on expert opinion

Formulary [34]

be required following surgery

Abbreviations: RFA: Radiofrequency ablation; EMR: Endoscopic mucosal resection; NDBE: Non-dysplastic
Barrett’s Esophagus; LGD: Low-grade dysplasia; HGD: High-grade dysplasia

Table 3:

Utility and adverse events inputs

Description

Value used

Source (s)

t

Fixed utility inputs
0.80

EuroQoL UK population norms [35]

NDBE

0.71

NICE CG106. Appendix 6 [32]

LGD

0.65

NICE CG106. Appendix 6 [32]

HGD

0.57

NICE CG106. Appendix 6 [32]

EAC

0.48

NICE CG106. Appendix 6 [32]

Cured–post-esophagectomy

0.77

-0.03

cr

us

an

ed

Stricture

Calculated from Inadomi et al. (2009) [15]

M

Utility decrements

ip

Cured (or no BE)

Surgery for perforation

-0.28

NICE CG106. Appendix 6 [32]

-0.06

Boger et al. (2010) [46]

pt

EMR and RFA surgery

Safety inputs

-0.26

ce

Esophagectomy surgery

Ac

Stricture in RFA procedure
Perforation
procedure

in

Mortality
esophagectomy
All-cause mortality

RFA

NICE CG106. Appendix 6 [32]

9%
0.01%

NICE CG106. Appendix 6 [32]

Haidry et al. (2013) [19]
Clinical expert opinion
National Oesophago-Gastric Cancer Audit.

from

1.9%

Time dependant

2016 [23].
UK Office for National Statistics (ONS) [36]

Abbreviations: BE: Barrett’s Esophagus; NDBE: Non-dysplastic Barrett’s Esophagus; LGD: Low-grade
dysplasia; HGD: High-grade dysplasia; EAC: Esophageal Adenocarcinoma; EMR: Endoscopic mucosal
resection; RFA: Radiofrequency ablation

Table 4:

Base case cost-effectiveness model results
Endoscopic surveillance

Δ

Cost of EET

£3,667

£0

£3,667

Cost of NDBE

£4,040

£3,446

£594

Cost of LGD

£34

£1,496

-£1,463

Cost of HGD

£20

£2,028

-£2,008

Cost of EAC

£372

£660

-£288

Total cost

£8,133

£7,630

£502

Total QALYs

10.334

10.167

0.167

ip

t

EET

ICER

£3,006 per QALY gained

Predicted number of events, and number of events from the budget impact

pt

Table 5:

ed

M

an

us

cr

Abbreviations: EET: Endoscopic Eradication Therapy; NDBE: Non-dysplastic Barrett’s Esophagus; LGD: Lowgrade dysplasia; HGD: High-grade dysplasia; EAC: Esophageal Adenocarcinoma; QALY: Quality Adjusted
Life Year; ICER: Incremental Cost Effectiveness Ratio

ce

analysis (total population = 17,955)

Ac

Time horizon = 1 year
Number of RFA procedures
Number of EMR procedures
Number of surveillance procedures
Number of esophagectomies
Total cost
Time horizon = 3 years
Total number of RFA procedures
Total number of EMR procedures
Total number of surveillance procedures
Total number of esophagectomies
Total cost
Time horizon = 5 year
Total number of RFA procedures

EET

Endoscopic surveillance

Δ

8,936
725
4,942
21
£19,340,950

0
0
11,715
48
£8,466,851

8,936
725
-6,773
-27
£10,874,099

12,126
926
16,313
129
£33,699,283

0
0
33,654
234
£25,183,799

12,126
926
-17,341
-105
£8,515,484

15,496

0

15,496

Total number of EMR procedures
Total number of surveillance procedures
Total number of esophagectomies
Total cost

1,140
27,530
239
£48,289,385

0
54,648
412
£41,190,117

1,140
-27,118
-173
£7,099,268

Abbreviations: EET: Endoscopic Eradication Therapy; EMR: Endoscopic mucosal resection; RFA:
Radiofrequency ablation

ip

£7,630
£7,630

M

cr

Endoscopic surveillance
Costs
QALYs
£7,630
10.17

ICER
£3,006

10.17
10.17

£3,087
£2,936

£7,973

10.16

£14,356

£7,426

10.19

£20,730

£9,471
£21,206

10.08
9.22

£15,438
Dominant

an

EET
Costs
QALYs
Base case
£8,133
10.33
Alternative sources for LGD cure rate
Phoa et al.
£8,140
10.33
Shaheen et al.
£8,126
10.34
Alternative sources for Natural history transition values
Inadomi et al. published
£10,377
10.33
values
Shaheen et al.
£10,385
10.34
Alternative starting distribution
100% patients LGD
£13,023
10.31
100% patients HGD
£13,225
10.19

t

Key deterministic sensitivity analyses

us

Table 6:

Ac

ce

pt

ed

Abbreviations: EET: Endoscopic Eradication Therapy; QALY: Quality Adjusted Life Year; ICER: Incremental
Cost Effectiveness Ratio; LGD: Low-grade dysplasia; HGD: High-grade dysplasia

Figure Legends

Figure 1a:

Model structure – Treatment arm.

Recommended surveillance intervals for NDBE are 2-5 years, LGD are 6 months until
confirmed on 2 consecutive occasions and then be offered EET, HGD/EAC are no
surveillance and EET.

ip

t

Abbreviations: NDBE, non-dysplastic Barrett’s esophagus; LGD, low-grade dysplasia; HGD,
high-grade dysplasia; EAC, esophageal adenocarcinoma; EET, endoscopic eradication

us

Model structure – Comparator arm.

an

Figure 1b:

cr

therapy.

Abbreviations: NDBE, non-dysplastic Barrett’s esophagus; LGD, low-grade dysplasia; HGD,

Figure 2:

ed

M

high-grade dysplasia; EAC, esophageal adenocarcinoma.

Results of probabilistic sensitivity analysis.

Ac

ce

pt

Abbreviations: QALY, quality adjusted life year; EET, endoscopic eradication therapy.

Figure 3:

Key deterministic threshold analyses.

Abbreviations: ICER, incremental cost effectiveness ratio; NDBE, non-dysplastic Barrett’s
esophagus; LGD, low-grade dysplasia; HGD, high-grade dysplasia; EET, endoscopic
eradication therapy.

pt

ce

Ac
ed
cr

us

an

M
t

ip

pt

ce

Ac
ed
cr

us

an

M
t

ip

pt

ce

Ac
ed
cr

us

an

M
t

ip

