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Abstract
OBJECTIVE

This economic evaluation aims to provide a preliminary assessment of the cost-effectiveness of
radiofrequency ablation (RFA) compared with argon plasma coagulation (APC), when used to treat
APC-refractory gastric antral vascular ectasia (GAVE) in symptomatic patients.

METHODS

A Markov model was constructed to undertake a cost-utility analysis for adults with persistent
symptoms secondary to GAVE refractory to first line endoscopic therapy. The economic evaluation
was conducted from a UK NHS and personal social services (PSS) perspective, with a 20-year'time
horizon, comparing RFA with APC. Patients transfer between health states defined by haémoglobin
level. The clinical effectiveness data were sourced from expert opinion, resource use and costs were
reflective of the UK NHS and benefits were quantified using Quality Adjusted Life Years (QALYs) with
utility weights taken from the literature. The primary output was the Incremental Cost-Effectiveness
Ratio (ICER), expressed as cost per QALY gained.

RESULTS

Over a lifetime time horizon, the base case ICER was £4,840 per QALY gained with an 82.2% chance
that RFA was cost-effective at a threshold of £20,000 per QALY gained. The model estimated that
implementing RFA would result in reductions in the need:for intravenous iron, endoscopic
intervention and requirement for blood transfusions by'27.1%, 32.3% and 36.5% respectively.
Compared to APC, RFA was associated with an estimated 36.7% fewer procedures.

CONCLUSIONS

RFA treatment is likely to be cost-effective for patients with ongoing symptoms following failure of
first line therapy with APC and:could lead to substantive reductions in health care resource.

Keywords: radiofrequency ablation, gastric antral vascular ectasia, argon plasma coagulation, cost-
effective

Short title: The cost-effectiveness of RFA versus APC for treating APC-refractory GAVE in
symptomatic patients



INTRODUCTION

Gastric antral vascular ectasia (GAVE) is characterised by the endoscopic appearance of “watermelon
stomach” with “longitudinal rugal folds traversing the antrum and converging on the pylorus, each
containing a visible convoluted column of vessels, the aggregate resembling the stripes on a
watermelon” [2]. Although the exact incidence of GAVE in a population is unknown, it is a rare cause
of upper gastrointestinal bleeding (UGIB) estimated to account for approximately 4% of non-variceal
UGIB [3]. The majority of patients with GAVE have underlying systemic disease including cirrhosis of
the liver [4], autoimmune diseases [5] and chronic kidney disease, amongst others [6].

Patients with GAVE often develop iron deficiency anaemia, and require treatments with packed red
blood cells, oral or intravenous iron supplementation [7]. GAVE can impact on the patients’ quality
of life, requiring regular visits to hospitals. In addition, despite transfusions, many patients remain
anaemic, which can impact on fatigue and exercise tolerance [8]. Furthermore, there is a'significant
economic impact of the requirement for blood transfusions [9, 10].

Medical therapies, including corticosteroids and octreotide, have been trialled and described in
short case series or case reports or small clinical trials [11, 12, 13, 14].,However, there is no clear
benefit with any of these.

Surgical treatment can be definitive for GAVE withfantrectomy to remove the affected mucosa [15,
16], but in some cases the surgical mortality and morhidity can outweigh any potential benefit [17].

Endoscopic therapy (ET) is therefore a mainstay of treatment in patients with GAVE and
symptomatic anaemia. Argon plasma ceagulation (APC) is a thermoablative method where a high-
frequency current is passed through argon gas to cause thermocoagulation. Although other
therapies such as endoscopic band ligation [18] and Nd:YAG Laser [19] can be used, APC is the usual
endoscopic treatment ofs<GAVE in most centres on account of being easy to use, relatively safe, at an
acceptable cost [20]. However, it can often require multiple sessions, and overall, discontinuation of
transfusion dependence is currently achieved in only one third of the patients [20]. APC is not
without complieationsfincluding sepsis, hyperplastic polyps (which can also bleed) and gastric outlet
obstruction [21; 22, 23].

Radio-frequency ablation (RFA) has become the mainstay of endoscopic ablation treatment in such
diseases as Barrett’s oesophagus, using the Barrx™ flex system (Medtronic) [24]. This technique
transmits high power energy for a short period of time to ablate tissue in the gastrointestinal tract.
RFA has been used in patients for the treatment of GAVE, showing improvements in haemoglobin
and reductions in transfusion requirements in patients refractory to APC without complications [25,
26].



The aim of this study was to analyse the cost effectiveness of RFA compared to APC in the treatment
of GAVE in those patients who were refractory to first line endoscopic therapy. This was modelled on
data from previously published studies and expert opinion.

METHODS
Model overview

The cost-effectiveness model was developed using Microsoft Excel and was constructed from the
perspective of the United Kingdom (UK) National Health Service (NHS) and Personal Social Services
(PSS). The model included a hypothetical cohort of patients with persistent symptoms secondary to
gastric antral vascular ectasia (severe anaemia of < 8 g dI%), refractory to first line endoscopic¢
therapy, defined as having undergone at least one session of primary treatment (APC,"Endoscopic
Band Ligation or YAG-Laser). A lifetime (20-year) time horizon and annual discount rate of'3.5% were
applied to the costs and benefits, as recommended by the NICE reference case([27]. The model used
three-month cycles, with a cohort of patients with an average age of 65 years [28]entering the
model. Patient level benefits were quantified in the model using quality‘adjusted life years (QALYs)
and the main outcome measure was an incremental cost effectiveness,ratio)(ICER).

The Markov model developed included three health states based on haemoglobin (Hb) level: mild
(10 to 12 g dI'"), moderate (8 to <10 g dI™) and sevére.(< 8 g di*) [1] (see Figure 1.). All patients began
the model in the severe health state and, thereafter, every cycle either remained in their current
health state, moved between health states or.died based on a series of transition probabilities. In
the treatment arm patients were managed with RFA whereas in the comparator arm patients were
treated with APC. The effectiveness of the.interventions, RFA and APC, were determined by the
movement of patients to less severe healthsstates following treatment.

Model inputs

A summary of the key model inputs and the sources of the inputs are displayed in Table 1 and Table
2. Due to a lack of available published data, expert opinion was sought to inform certain model
inputs. Expert opinion was elicited via structured telephone interviews by the members constructing
the model (one standard questionnaire used for all experts). Four NHS consultant
gastroenterologists were interviewed, chosen due to their specialism in GAVE. Opinion was sought
regarding the disease pathway and specific resource use in relation to it (for example, the proportion
of people who receive supplementary iron or a blood transfusion in each health state and the
adverse events related to APC and RFA).



All patients began the model in the severe health state and received treatment. In subsequent
cycles, as suggested by experts, almost all patients in the severe health state and a very small
proportion in the moderate and mild health states received additional treatment. The movement of
patients between health states following treatment was based on transition probabilities informed
by expert input. Furthermore, general population mortality was sourced from the UK life tables [29]
and was applied to the cohort each cycle.

Patients who received RFA or APC were assumed to receive one treatment session per cycle. The
proportion of patients requiring further resource use such as outpatient blood transfusions,
endoscopies, hospitalisation, consultant visits, IV iron and oral iron was based on health state and
was informed by expert opinion (Table 2). No further resource use was included in the model.

Where possible, costs were identified from publicly available sources. The NHS 2017-18 National
Schedule of Reference Costs [30] was used for hospital-based resource use, includingithe cost of
APC. The cost of RFA was calculated based on a number of sources, including Medtranic UK and a
costing audit conducted at one of the centres supplying data for this modeélling'task (Royal
Marsden). The Personal Social Services Research Unit (PSSRU) costs [31] and Prescription Cost
Analysis data [32] were applied to resource use in primary care. Furthermore, the British National
Formulary (BNF) [33] was used for pharmaceutical costs. See supplementary material for the
breakdown of costs for RFA treatment.

Health state preference weights (utilities) for‘each health state were sourced from a published
systematic review and economic evaluation of treatments for anaemia associated with cancer [34].
The utility decrements associated with being treated with RFA were extracted from a UK-based cost-
utility analysis of RFA for high-grade,dysplasia’[35]. No utility decrements were identified for APC,
therefore, it was assumed that patients.undergoing APC would experience the same utility
decrement as patients undergoing RFA.

Furthermore, utility decrements were associated with stricture and perforations (the adverse events
within the model) and(were identified from a published NICE clinical guideline for ablative therapy
for Barrett’s oesophagus (€G106) [36]. The adverse event rates for patients within the model were
assumed tobe.the same following RFA and APC and were 0.2% and 0.1% for stricture and
perforation, respectively.

Uncertainty analysis
Scenario analyses

Scenarios were run through the model to account for any uncertainty around the parameters
estimated by clinical opinion. These included amending the clinical effectiveness of RFA, resource
use and utility values. The inputs varied in each scenario are presented in Table 3.



Probabilistic sensitivity analysis

Probabilistic sensitivity analysis (PSA) was carried out to account for the uncertainty around the
parameter values by drawing at random for a total of 10,000 iterations. A gamma distribution was
applied for all cost parameters and the number of consultant visits per cycle. A beta distribution was
used for utility values, adverse event rates, and the proportion of patients requiring treatment,
endoscopies, blood transfusions, oral iron and IV iron. Lastly, a dirichlet distribution (a multivariate
beta distribution) was applied for transition probabilities.

RESULTS
Base case

The results of the cost-effectiveness model are presented in Table 4. Using a threshold value
commonly used in UK NHS reimbursement decision making (£20,000), RFA may'be a cost-effective
treatment for GAVE patients with persistent symptoms as a secondary treatment.option for those
refractory to first line endoscopic therapy, namely APC (ICER £4,672 per.QALY gained).

Over the lifetime time horizon, on a per-patient basis, RFA isassociated with higher overall costs of
approximately £2,400. However, RFA is also associatediwith improved patient outcomes of
approximately 0.50 years of perfect health.

Furthermore, treatment with RFA rather than APC, over the lifetime time horizon, is associated with
a reduced number of treatments: IV Iron, oral.iron, blood transfusions, endoscopies and consultant
visits (Table 4). Per patient event counts over the time horizon are presented in Table 5. Compared
to APC, RFA was also associated withian estimated 36.7% fewer procedures as well as less time in
severe health states (1.77 years) and-more time in mild health states (1.20 years) when treated with
RFA over the 20-year time hofizon.

Uncertainty analysis
Scenarios
Altering the time horizon to one year shows that the ICER falls below £20,000 within the first year.

The probability of a patient remaining in a severe health state per cycle when treated with RFA
would have to increase by 11% and 15% for the ICER to rise over £20,000 and £30,000 per QALY,
respectively. These scenarios, in turn, decrease the probability of patients moving in to the
moderate health state. These scenarios generate ICERs of £21,563 and £32,248 per QALY.



Utility values for patients with CKD with anaemia were run through the model [37] as CKD is
associated with GAVE [28] and, therefore, may provide more accurate health-related quality of life
values for the indicated population that using values of anaemic cancer patients. Using utility values
for Stage 3a and Stage 4 CKD patients resulted in an ICER of £12,793 per QALY and £10,672 per
QALY, respectively, remaining below the cost-effectiveness threshold.

If almost all patients require IV iron regardless of Hb level (99%), the ICER increases from the base
case value but remains below the threshold at £8,893. Similarly, if almost all patients require an
endoscopy (95%) regardless of Hb level, the ICER increases to £10,105, remaining below the cost-
effectiveness threshold.

Further to this, if the proportion of patients needing a blood transfusion in each health state is
increased (to 80% in severe, 50% in moderate and 15% in mild), the ICER increases by a'minimal
amount to £5,080.

Finally, when increasing the stricture and perforation rates to 5% in the RFA arm, and when
increasing the proportion of patients in the moderate health state that receive treatment to 10%,
the ICER increases to £6,942 and £7,706, respectively, but.remains below the cost-effectiveness
threshold.

Probability Sensitivity Analysis

The results of the PSA show that RFA remains below the £20,000 cost-effectiveness threshold in
82.5% of the 10,000 iterations with an average ICER of £4,395 (Crl: -£8,989 to £44,035).
Furthermore, the average netsmonetary benefit (NMB — representing the monetary value of an
intervention when a willingness-to-pay threshold for a unit of benefit is known [38]) is £8,508 (Crl: -
£6,258 to £23,890). The results of the PSA are plotted in Figure S1 in the supplementary material.

DISCUSSION

The aim of this study was to evaluate the cost-effectiveness of RFA, compared with APC, for patients
with persistent symptoms secondary to gastric antral vascular ectasia and refractory to first line
endoscopic therapy, namely APC. As APC has been found to be effective in only about 30% of cases
[20], there is a need for an alternative therapy to reduce blood and iron transfusion requirements [8]
and thereby improve quality of life in patients with GAVE. RFA has already been shown to be
effective in the treatment of GAVE [25, 26]. The model estimates that use of RFA for the
aforementioned patient population is likely to be cost-effective in the UK when compared with APC.



The per patient results show that with a lifetime time horizon, an ICER of £4,672 per QALY gained is
generated.

There are a number of limitations to the current study. Due to the scarcity of evidence-based
literature surrounding GAVE a large proportion of the model inputs relied on expert opinion,
acquired through structured telephone conversations involving four consultant gastroenterologists
specialising in GAVE. Expert opinion focused on ensuring the model represented the treatment
pathway, as well as resource use and model parameters.

Despite the expert opinion, outcomes from the scenario analyses demonstrate that the resource use
parameters with a high level of expert opinion will likely not have a large impact on the decision.as
to whether or not RFA is cost effective. As shown in the results section, increasing resource use in
the mild and moderate Hb states are not likely to alter the decision on whether or not the treatment
would be reimbursed.

Further deterministic analysis around key inputs support that the conclusions of the model are not
sensitive to variation. For example, when increasing the stricture and perforation rates to 5% in the
RFA arm, and when increasing the proportion of patients in the mederate health state that receive
treatment to 10%, the ICER remains below the cost-effectivenessithreshold.

Altering the clinical effectiveness, and therebyreducing'the relative benefit of RFA when compared
with APC, does have a larger effect on the ICER and, therefore, may have a bigger effect on the
reimbursement decision. However, the probability of an RFA-treated patient remaining in a severe
health state would have to increase by 15% above the base case value (whereby 65% stay in the
severe health state at each cyclegand only 15% of patients transition to a moderate health state) for
the ICER to rise over £30,000. This situation, based on the data available on the benefit of RFA would
seem to be highly improbable#This reduces the relative benefit of RFA when compared to APC by
over half, in patients who are‘refractory to APC. The NICE Guide to the Methods of Technology
Appraisal state that-an ICER/of an intervention can rise up to £30,000, and can also rise higher than
this and still achieve a positive decision if a strong enough case to support the technology can be
made [39]. As a rare disease with a lack of a current effective treatment, causing only 4% of non-
variceal upper Gl bleeding in a consecutive case series [3], a strong case could be made. However,
the probability of patients staying in a severe health state would still need to increase by 11% (to
61%) before the ICER rises above £20,000 per QALY.

Due to the lack of published economic modelling or relevant clinical studies in this area it was not
possible to externally validate the model by comparing it to published work or to source model
inputs using evidence-based literature. Instead, the model was developed through an iterative



process with regular input and validation from clinical experts. Although GAVE is a rare disease, it is
in the authors’ experience a disease which most gastroenterologists encounter and which can
present a management quandary, particularly in those patients with disease refractory to initial
therapy. The experts work in referral centres and have extensive experience in treating patients with
refractory GAVE, allowing inferences to be drawn from their clinical practice.

CONCLUSIONS

Overall, this study demonstrates that, although APC is the most commonly used treatment within
the UK NHS for GAVE, RFA is likely to be cost-effective for patients with ongoing symptoms of APC-
refractory GAVE. Furthermore, the results indicate that the use of RFA in this patient population
could lead to substantive reductions in health care resource as well as a notable impact on a
patient’s state of health. As a rare disease, clinical data in this area are limited and data from
ongoing registry studies will support more sophisticated assumption(s) beyond expertinput.
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Table 1. Key model inputs (clinical efficacy)

RFA APC Source
From Mild to:
Mild 75% 75% Expert opinion
Moderate 15% 15% Expert opinion
Severe 10% 10% Expert opinion
From Moderate to:
Mild 33% 33% Expert apinion
Moderate 33% 33% Expert opinion
Severe 33% 33% Expert opinion
From Severe to:
Mild 20% 10% Expert opinion
Moderate 30% 15% Expert opinion
Severe 50% 75% Expert opinion




Table 2. Key model inputs (others)

RESOURCE USE

Mild Moderate Severe Source
Treatment (%) 0.3 0.3 99
Blood transfusion (%) 0.3 0.3 60
Endoscopy (%) 1 15 95 Expert opinion
Hospitalisation (%) 0 1 10
IV iron (%) 1 40 99
Oral iron (%) 20 99 99
Mean annual consultant 1 2 4
Visits
Stricture (%) 0.2
Perforation (%) 0.1
COSTS
Unit Cost (£) Source
Medtronic, Royal
Marsden costing audit,
PSSRU unit costs [31]
RFA Session 2,109 NHS reference costs
2017-18 [30]
BNF 2019 [33]
APC Session 819 NH? OT;?;?([:; O(iOStS
Oral iron Mg 0.0001 BNF 2019 [33]
IV iron Mg 0.08 BNF 22001198[5332]], PCA
IV iron administration Dose 296
Blood transfusion Session 480 NH%;E;ZH([:;OC]OSE
Endoscopy Session 418




Stricture Event 813
Perforation Event 813
Hospitalisation Event 346
Consultant visit Event 130

Value

Mild 0.78

Wilson et al. (2007)
Moderate 0.61 [34]
Severe 0.48
Perforation -0.140 [36]

Boger, Turner,
RFA -0.030 Roderick & Patel
(2010) [35]

APC .0.030 Assumed to be the

same as RFA




Table 3. Scenario Analysis inputs

Altering effectiveness

From Severe to:

RFA scenarios

Mild 20%
Moderate 19%, 15%
Severe 61% 65%
Altering resource use
Mild Moderate Severe
Blood transfusion 15 50 80
(%)
Endoscopy (%) 95 95 95
IV iron (%) 99 99 99
Stricture RFA (%) 5
Perforation RFA (%) 5
Altering utilities - people with-anaemia and CKD
Health state Scenariowl Utility Source
Mild 0.90 (stage 3a)
Moderate 0.84 (stage 3a) [37]
Severe 0.81 (stage 3a)
Health state Scenario 2 Utility Source
Mild 0.84 (stage 4)
Moderate 0.78 (stage 4) [37]
Severe 0.73 (stage 4)




Table 4. Base case results

APC RFA Difference % difference

Treatment cost £17,324 £28,286 £10,962 63.3%
IV Iron Cost £8,435 £6,154 -£2,281 -27.0%
Oral Iron £69.33 £60.64 -£8.69 -12.5%
Transfusions £6,173 £3,924 -£2,249 -36.4%
Endoscopies £9,090 £6,154 -£2,936 -32.3%
Adverse events £51.61 £32.72 -£18.88 -36.6%
Hospitalisation £768 £505 -£263 -34.2%
Consultant visits £3,950 £3,269 -£681 -17.3%
Total Cost £48,385 £2,525

£45,861 5.5%
Total QALYs 7.45 7.99 0.54 7.3%
Total LYG (discounted) 12.29 12.29 0.00 0.0%
NMB £8,282149
ICER £4.,672




Table 5. Base case results — event counts

APC RFA Difference % difference
Treatments 28 18 -10.22 -36.7%
IV Iron 38 27 -10.17 -27.1%
Oral Iron (mg) 710,841 621,907 -88,934 -12.5%
Transfusions 16.93 10.74 -6.18 -36.5%
Endoscopies 28.66 19.39 -9.27 =32.4%
Consultant visits 40.40 33.45 -6.95 -172%




