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		Public Summary Document
Application No. 1603 – Transcatheter Aortic Valve Implantation (TAVI) using SAPien 3 balloon-expandable valve system
Applicant:	Edwards Lifesciences Pty Ltd
Date of MSAC consideration:	MSAC 80th Meeting, 26-27 November 2020
Context for decision: MSAC makes its advice in accordance with its Terms of Reference, visit the MSAC website
Purpose of application 
An application requesting Medicare Benefits Schedule (MBS) listing of transcatheter aortic valve implantation (TAVI) using a balloon-expandable valve (BEV) system for patients with symptomatic severe aortic stenosis (AS) at intermediate risk for surgery was received from Edwards Lifesciences Pty Ltd by the Department of Health.
MSAC’s advice to the Minister
After considering the strength of the available evidence in relation to comparative safety, clinical effectiveness and cost-effectiveness, MSAC supported the creation of a new Medicare Benefits Schedule (MBS) item for transcatheter aortic valve implantation (TAVI) using a balloon-expandable valve (BEV) system for patients with symptomatic severe aortic stenosis (AS) at intermediate risk for surgery on the grounds of acceptable safety, effectiveness and cost effectiveness compared with surgical aortic valve replacement (SAVR). Consistent with the current MBS item for TAVI (item 38495), MSAC supported an MBS item agnostic of the type of TAVI device, noting that this advice would be re-assessed at the March 2021 MSAC meeting consideration of the TAVI device agnostic application in intermediate risk for surgery (MSAC Application 1652).
	Consumer summary

	Edwards Lifesciences Pty Ltd applied for public funding via the Medicare Benefits Schedule (MBS) for transcatheter aortic valve implantation (TAVI) using a balloon-expandable valve in patients with symptomatic severe aortic stenosis who are at intermediate risk for surgery.
Severe aortic stenosis is a condition that stops blood from flowing easily throughout the body. Eventually this can lead to heart failure because the aortic valve in the heart develops a severe build-up of calcium, which makes it difficult for the valve to open and close.
TAVI is a procedure that helps to improve a damaged aortic valve. During a TAVI procedure, an artificial valve made of natural animal heart tissue (usually from a cow or a pig) is implanted into the heart. But instead of standard open-heart surgery (where the chest cavity is opened during surgery), in TAVI, a catheter is placed in the femoral artery (in the groin) and guided into the heart.
MSAC accepted that TAVI is safer, more effective and more cost-effective than surgical aortic valve replacement. However, there was not enough evidence to determine whether the use of a balloon-expandable valve was better than a TAVI procedure that uses a self-expanding valve. For that reason, MSAC supported the listing of an MBS item for a TAVI device without specifying which type of valve should be used.
MSAC’s advice to the Commonwealth Minister for Health
MSAC supported an MBS item that does not name the type of TAVI device. MSAC based its decision on the fact that it considered TAVI to be effective, safe and cost-effective. MSAC noted that this advice would be re-assessed at the March/April 2021 MSAC meeting, when it would consider the TAVI device agnostic application in intermediate risk for surgery.


Summary of consideration and rationale for MSAC’s advice 
MSAC noted that TAVI is currently listed on the MBS for high-risk/inoperable surgical patients with symptomatic severe AS under item 38495. This item is agnostic of the type of TAVI device. MSAC noted that this device specific application for TAVI-BEV is seeking to expand MBS listing to include intermediate-risk surgical patients. MSAC noted that the applicant originally pursued a TAVI device agnostic application (Application 1552), but due to BEVs perceived different clinical and economic outcomes in intermediate-risk patients, chose to pursue this TAVI-BEV specific application (1603).
MSAC noted that the applicant-developed assessment report (ADAR) appropriately nominated SAVR as the main comparator and TAVI self-expandable valves (TAVI-SEV) as the secondary comparator (as requested by the PICO[footnoteRef:1] Advisory Sub-committee [PASC]). [1:  Population, Intervention, Comparator, Outcome] 

MSAC noted there was no feedback from consumers, but consultation feedback was received which did not support a TAVI device specific application and considered a MBS item should be generic and cover TAVI with all Therapeutic Goods Administration (TGA) approved devices.
MSAC noted there was no direct randomised controlled trial (RCT) evidence assessing the current generation TAVI-BEV (SAPIEN 3) vs. the primary comparator, SAVR. Rather, the ADAR’s primary clinical evidence relied on comparing TAVI-BEV with SAVR via a propensity score-adjusted comparison (PARTNER S3i) of two sub-populations from two clinical studies. However, MSAC noted there was direct RCT evidence for the comparison of an older generation TAVI-SEV (CoreValve) vs. SAVR, which was used to inform the indirect comparison of TAVI-BEV with TAVI-SEV, via the common comparator SAVR.
MSAC noted the issues raised by ESC for the use of propensity score-adjustment to compare TAVI-BEV with SAVR. MSAC agreed with the ESC that while the propensity score adjustment process controlled for all relevant observed characteristics for the primary outcomes (the composite endpoint of all-cause mortality, stroke, moderate or severe paravalvular regurgitation at 1 year) there was potential for bias due to potential differences in unobserved variables. MSAC noted that the pre-MSAC response also acknowledged this limitation of the study when discussing the 5-year outcomes from the PARTNER 3Si study, and also that more patients were lost to follow up in the TAVI cohort compared with SAVR cohort.  For all secondary outcomes, MSAC also noted that the ADAR acknowledged the high uncertainty from the unadjusted (naïve) comparisons.
In terms of comparative safety of TAVI-BEV vs. SAVR, MSAC noted patients treated with TAVI-BEV had a higher rate of moderate or severe aortic regurgitation than patients treated with SAVR at 12 months follow-up. Unadjusted comparisons showed that patients treated with TAVI-BEV had significantly lower rates of re-hospitalisations, fewer new cases of atrial fibrillation, lower rates of myocardial infarction, and lower rates of life-threatening or disabling bleeding than patients treated with SAVR, although MSAC noted that these results are highly uncertain. MSAC noted the 5-year outcomes of PARTNER 3Si presented in the pre-MSAC response showed:
· similar rates of endocarditis,  aortic valve re-intervention and valve thrombosis 
· lower rates of new pacemakers favouring SAVR.
In terms of effectiveness of TAVI-BEV vs. SAVR, MSAC noted that the propensity score-adjustment showed that TAVI-BEV is superior for the outcomes of death and stroke at 12 months. However, MSAC noted the 5-year (unpublished) outcomes presented in the pre-MSAC response showed:
· similar rates of mortality and all strokes (disabling + non-disabling stroke)
· similar rates of the composite of mortality or disabling stroke, and disabling stroke (noting results numerically favoured TAVI-BEV but was not statistically significant as the confidence interval of the hazard ratio of disabling stroke included 1)
· lower rates of non-disabling stroke favouring SAVR.
Overall, MSAC concluded that superiority of TAVI-BEV vs. SAVR was not adequately justified over the longer-term results from propensity score analysis.
MSAC considered the secondary comparison of TAVI-BEV vs. SEV, noting that: 
· the ESC and the ADAR appropriately concluded there was too much clinical heterogeneity between trials to draw conclusions from the indirect comparison. However, MSAC noted the ADAR assumed superiority of TAVI-BEV vs. SEV, as it did not make a clinical claim for its comparison of TAVI-BEV vs. SEV
· the direct randomised trial, SOLVE-TAVI, which was the only head to head comparison using new generation TAVI-BEV (SAPIEN 3) vs. SEV (Evolut-R) as currently used in Australia, and included by the Commentary, suggested that TAVI-BEV and SEV were similar in terms of the composite primary endpoint: all-cause mortality, stroke, moderate or severe paravalvular leakage, and permanent pacemaker implantation at 30-day follow-up. MSAC also agreed with ESC who considered there were applicability concerns with the trial population (high risk) and that the results were limited to 30-days, and as such did not inform longer term outcomes. However, MSAC noted that consultation feedback provided (unpublished) updated results from SOLVE-TAVI showing that no difference in the primary composite outcome was maintained at 1-year follow-up
· the pre-MSAC response acknowledged that evidence from RCTs of TAVI-BEV vs. SEV is limited but considered it favoured TAVI-BEV on the basis of a recent non-inferiority trial (SCOPE-1). However, MSAC noted there was applicability concerns with the trial population as patients were not selected on the basis of surgical risk (56% intermediate risk) and that the TAVI-SEV device used in the trial was not currently registered on the Australian Register of Therapeutic Goods (ARTG).
· the pre-MSAC response considered there is no evidence to suggest that there is ‘no difference’ between TAVI-BEV vs. SEV in intermediate risk but that there is evidence existing of the superiority of TAVI-BEV vs. SAVR and the non-inferiority of TAVI-SEV vs. SAVR. However, MSAC noted some concerns with the conclusions from propensity score analysis and that the comparison of TAVI-SEV vs. SAVR was informed from a direct RCT (discussed above).
Overall, MSAC considered that superiority of TAVI-BEV vs. SEV was not adequately justified.
MSAC noted that the revised modelling provided in the pre-MSAC response showed that TAVI-BEV is dominant (i.e. cheaper and more effective), even with a TAVI device cost of $redacted. However, MSAC noted that the higher Prosthesis List benefit (proposed $redacted for TAVI-BEV compared with the current benchmark of $22,932 for TAVI-BEV and SEV) is not justified as the 5-year follow-up results from propensity score analysis were not a sufficient basis to conclude superiority of TAVI-BEV over SAVR.  In addition, MSAC noted there is the precedent set for similar clinical performance and thus the same benefit across TAVI device options in high risk populations should be the default position in the intermediate risk population. MSAC considered there was no basis to award a higher benefit for one device when the Prostheses List had other devices at a lower benefit.  MSAC noted that the pre-MSAC response indicated that the $redacted includes consumables so there would be no net change to price within the private sector (previously purchased by private hospitals and/or patients).
MSAC noted that TAVI-BEV may result in cost savings in both the public and private hospital settings if TAVI-BEVs are to replace SAVR in intermediate-risk. However, MSAC noted that the Commentary considered that TAVI-BEV may also replace medical management as some intermediate-risk patients would prefer to not undergo major open-heart surgery with SAVR but would opt for minimally invasive surgery with TAVI-BEV. MSAC also noted that introducing TAVI-BEV on the Prostheses List would significantly increase private health insurance expenditure.
MSAC noted that the advantage of having a separate item number for intermediate-risk patients in addition to the current MBS item numbers for high-risk/inoperable surgical patients is that this can be used to monitor practice when data from the Australasian Cardiac Outcomes Registry (ACOR) TAVI registry is analysed.
MSAC noted that there is no need to be more specific/explicit about defining “intermediate” risk. Registry reports should provide details about the clinical reasons why patients are categorised at higher risk level than surgical risk score. MSAC noted that the Society of Thoracic Surgeons Predicted Risk of Mortality (STS-PROM) has been recently revised and should not be included in the item descriptor.
MSAC advised that providers should be restricted from claiming transthoracic echocardiogram items that would potentially cover pre-procedure and immediate post-procedure echocardiography on the same day as the TAVI procedure. However, MSAC advised that this should not restrict intraoperative imaging by a different provider conducting/claiming tranoesophageal echocardiography under MBS item 55135 as it assists the procedure.
MSAC concluded that this item should be device agnostic, similar with the current MBS item for TAVI (and SAVR). MSAC recommended that the item should be reviewed after 12-24 months.
MSAC supported the following item descriptor:
TAVI, using a balloon-expandable system, for treatment of symptomatic severe aortic stenosis, performed via transfemoral delivery, unless transfemoral delivery is contraindicated or not feasible, in a TAVI Hospital on a TAVI Patient by a TAVI Practitioner – includes all intraoperative diagnostic imaging that the TAVI Practitioner performs upon the TAVI Patient.
(Not payable more than once per patient in a five-year period.)
Notes: The Health Insurance (Section 3C General Medical Services - Transcatheter Aortic Valve Implantation) Determination 2017(Cth) (Department of Health 2017) outlines the definitions of a TAVI Patient, TAVI Hospital and TAVI Practitioner.
TAVI Patient is a patient who, as a result of a TAVI Case Conference, has been assessed as having an intermediate risk for surgical aortic valve replacement and is recommended as being suitable to receive the service described in Item XXXXX.
TAVI Hospital means a hospital, as defined by subsection 121-5(5) of the Private Health Insurance Act 2007, that is clinically accepted as being a suitable hospital in which the service described in Item XXXXX may be performed.
TAVI Practitioner is either a cardiothoracic surgeon or interventional cardiologist who is accredited by the Cardiac Accreditation Services Limited.
Fee:  $1,455.10	Benefit: 75% = $1,091.35	85% = $1,370.40
MSAC noted the need for consistency in MSAC’s advice for applications 1652 (TAVI device agnostic application) and 1603 (TAVI-BEV). MSAC considered it would re-assess the decision to support an MBS item agnostic of the type of TAVI after its March 2021 meeting, depending on the outcome of the TAVI device agnostic application in intermediate risk for surgery (MSAC Application 1652). MSAC noted that the process allows MSAC to deal with each application on its merits while acknowledging future applications.
Background
This is the first submission for TAVI-BEV for patients with symptomatic severe aortic AS at intermediate risk for surgery. MSAC has not previously considered this application.
MSAC application 1552 was a TAVI agnostic application for patients at intermediate risk for surgery (1552 Ratified PICO Confirmation). This was placed on hold by the applicant to pursue this TAVI-BEV specific application (MSAC application 1603). The applicant’s rationale for this was that the PARTNER II trial showed BEVs have different clinical and economic outcomes in intermediate-risk patients. PASC advised that these “different clinical & economic outcomes” should be clarified during the assessment phase, including what they were compared to. [1603 Ratified PICO confirmation, p3].
TAVI high-risk and inoperable applications 1361
MSAC previously considered the MBS listing of TAVI for use in patients who are symptomatic severe AS at high risk for SAVR or non-operable at its March 2016, October 2015 (Stakeholder meeting) July 2015, and April 2015 meetings. At its March 2016 meeting, MSAC supported MBS listing of the TAVI procedure for the aforementioned patient population (Public Summary Document [PSD] Application No. 1361.2). Note, the summary of the MSAC consideration for deriving the hospitalisation estimates associated with TAVI vs. SAVR and final modelled approach is summarised below. TAVI was listed on the MBS (MBS item 38495, and case conference items 6080, 6081) for patients assessed as having an unacceptably high risk for surgical aortic valve replacement on 1 November 2017.
Hospitalisation
MSAC noted that the hospital cost for TAVI was assumed proportional based on TAVI/SAVR length of stay ratio of 1:2 derived from an unpublished data set from Western Australia presented by Yong (2012). MSAC questioned the validity of applying this ratio as it reduces the internal validity of the model as being based directly on the PARTNER trial. Given that all other clinical inputs into the model were derived from the PARTNER trial, the PARTNER-based ratio of 1:1.5 using data from Smith et al (2011) or 1:1.6 using data from Reynolds et al (2012) were therefore suggested as more appropriate. MSAC noted that this approach still favoured TAVI because this calculation assumes that the cost of hospitalisation will be evenly distributed across the length of the hospital stay, whereas it is known that the reductions in hospital stay are typically for the cheaper days that do not incur the costs of the procedure (PSD Application No. 1361.2, p3).
Clinical claim to justify modelled approach
MSAC did not consider that the claim of an improved overall survival was substantiated in order to justify the incremental cost-effectiveness and incremental cost-utility ratios presented in the comparison of TAVI with SAVR. MSAC instead recommended that this aspect of TAVI use be negotiated on a cost-minimisation basis. Further, as much of the incremental cost in the model was driven by the cost of the prosthesis, MSAC advised that negotiation of a reduced benefit for the relevant prostheses when considered for the Prostheses List would address this concern. MSAC advised that the cost-minimisation basis for this negotiation should be that the benefit for any TAVI prosthesis should be no greater than would exceed the current SAVR prosthesis benefit, plus the current AR-DRG cost for the procedure to implant the SAVR prosthesis, minus the application of the 1:1.5 ratio to reduce this AR-DRG cost to implant the TAVI prosthesis. MSAC further advised that this reduced benefit should also apply to the use of TAVI in the other cohort of currently inoperable patients (PSD Application No. 1361.2, p4).
Note, earlier at its April 2015 MSAC meeting, MSAC supported the item to be agnostic to TAVI device, “MSAC preferred not to specify any particular TAVI device, for example by brand name or by specifying any particular device characteristic, such as a balloon‑expandable device (to signal a preference for the applicant’s SAPIEN device) or a self-expandable device (to signal a preference for Medtronic’s CoreValve device). As noted below, the existing evidence does not justify discriminating against any particular device on clinical grounds, and there was no reason to inhibit price competition across device alternatives [PSD Application No. 1361, p2].
Comparison of 1603 vs. 1361 series
A comparison of the key similarities and differences between the economic model proposed by the current Applicant Developed Assessment Report (ADAR) and the previous application (MSAC 1361) for TAVI-BEV and TAVI-SEV in high-risk patients is provided in Table 1.
[bookmark: _Ref51848358]Table 1	Comparison between TAVI-BEV for intermediate-risk patients (MSAC 1603) and TAVI for high-risk patients (MSAC 1361 and resubmission 1361.2). MSAC 1552, TAVI-SEV is on hold to pursue the BEV application.
	
	MSAC1603 (current application)
	MSAC 1361 (April 2015)
	MSAC 1361.2 (March 2016)

	Intervention
	TAVI-BEV
	TAVI-BEV-and TAVI-SEV
	TAVI-BEV-and TAVI-SEV

	Patient population
	Intermediate risk patients as determined by Heart Team  
	High risk or inoperable as determined by the patient’s clinician.
	High-risk and inoperable patients (not described) 

	Comparator 
	SAVR and TAVI-SEV
	SAVR and medical management
	SAVR and medical management 

	Clinical evidence used for economic model
	1-year outcomes from PARTNER 3Si
	2-year data from PARTNER trial. 5-year data published and considered by MSAC (April 2015). Revised economic model using 5-year mortality from PARTNER trial presented in pre-ESC response prior to July 2015 consideration of 1361.1.
	5-year data from the PARTNER trial. The numerically different overall survival estimates following TAVI and SAVR were not statistically significantly

	Clinical claim
	Superior effectiveness vs SAVR (composite outcome: death, stroke, aortic regurgitation)
No claim vs TAVI-SEV
	
	Superior  safety and clinical effectiveness for TAVI versus SAVR

	Health states
	3 states
1) Alive, no disabling stroke
2) Alive, disabling stroke
3) Dead
The model adjusted for baseline cerebrovascular disease (9.4%) to account for the likelihood that patients have had a prior stroke. 
	5 states
1) Alive, no complications
2) Alive, other complications 
3) Alive, with major stroke
4) Alive, with heart failure 
5) Dead
No adjustment for pre-existing complications was made. 
	3 states
1) Alive, standard follow-up
2) Alive, with major stroke
3) Dead
No adjustment for pre-existing complications was made. 

	Time horizon
	10 years (base-case). 5 and 20-year time horizon presented in sensitivity analyses
	10-years. MSAC considered that both a 5-year and 10-year time horizon would be informative’.
	5-years presented in the base-case and 10-years was presented in sensitivity analyses 

	Prostheses cost of TAVI-BEV
	ADAR included prosthesis costs for public patients only
	 ADAR included prosthesis costs for all patients 
	ADAR included prosthesis costs for all patients 

	Prosthesis cost
	TAVI-BEV: $redacted
SAVR: $9,079 
	-
	TAVI: $33,348
SAVR: $6,738

	Length of stay
		Source
	TAVI
	SAVR
	Diff. /Ratio

	BEV: Partner 3Si naïve comparison
	Median: 4 days
	Median:9 days
	5 days
1: 2.25

	SEV: SURTAVI RCT
	Mean: 5.75 days ±4.85
	Mean: 9.75 days
±8.03
	4 days
1:1.7



	-
		Source
	TAVI
	SAVR
	Diff./Ratio

	Yong 2012 
	6.2 days
	12 days
	5.8 days
1: 2.0

	PARTNER trial
	8 days
	12 days
	4 days
1:1.5


MSAC accepted estimate from PARTNER trial (Smith 2011). 

	Hospitalisation cost
	TAVI: $21,944 
SAVR: $49,375 
	-
	TAVI: $24,328
SAVR: $48,655  

	Hospital costs (use in model) 
	ADAR included hospital costs for public patients using AR-DRG codes. MBS costs were applied to private patients.
	Hospital costs (derived from AR-DRG codes) and MBS costs were applied to all patients 
	Hospital costs (derived from AR-DRG codes) and MBS costs were applied to all patients

	Hospital costs for TAVI-BEV 
	44% of the costs of SAVR. Based on the median length of hospital stay for TAVI-BEV (4-days) vs. SAVR patients (9-days) from PARTNER S3i
	50% of the costs of SAVR. Based on the length of stay in hospitals (ADAR proposed: 6 days for TAVI-BEV vs. 12 days for SAVR).
	No change in hospital costs from 1361. The critique noted that the model was most sensitive to hospitalisation costs for TAVI-BEV. 

	Utility
		Utility values
	TAVI-BEV
	SAVR

	Alive, no disabling stroke
	Pop norms (73-81)
	Pop
Norms
(73-81)

	Alive, disabling stroke
	0.50
	0.50

	Disutility major event (once off)
	0
	0



		Utility values
	TAVI
	SAVR

	Baseline (trial data)
	0.67
	0.67

	Alive, no complications 
	0.702
	0.702

	Alive, with stroke
	-0.147
	-0.147

	Alive, with heart failure
	-0.188
	-0.188

	Other complications
- first cycle 
- ongoing 
	

-0.10
-0.056
	

-0.10
-0.056

	Other adverse events
	-0.10
	-0.10



		Utility values
	TAVI
	SAVR

	Baseline (trial data)
	0.66
	0.66

	No-complication (trial data)
	0.75
	0.74

	Disutility major event (once off)
	-0.10
	-0.10

	Alive, with major stroke
	0.65
	0.65

	Alive, with heart failure
	0.636
	0.636




	Transition probabilities 
	Transition probabilities were calculated from trial data assuming a constant rate of treatment effectiveness between TAVI-BEV and SAVR for 1-year. After this, no treatment benefit was assumed. 
	Trial data were extrapolated beyond the duration of the trials assuming the constant rate of treatment effectiveness.
	The revised economic model used overall survival transition probabilities from the Kaplan Meier curves published in the key clinical trials ((Mack et al., 2015) and (Kapadia et al., 2015). Point estimates were retrieved by digitalizing the curves, running a regression analysis for point estimates and deriving probabilities by calculating the ratio of the point estimate at t with t+1. 


Abbreviations: SAVR = surgical aortic valve replacement; TAVI-BEV = transcatheter aortic valve implantation – balloon-expandable valve system; TAVI-SEV = transcatheter aortic valve implantation – self-expandable valve system. CMA?
Source: Table 37, pp67-68 of the Commentary, and added in by Department
TAVI low risk application
An application for TAVI-BEV for patient at low risk of surgery (MSAC application 1635) was considered at the August 2020 PASC meeting.
TAVI + cerebral embolic protection (CEP) application
MSAC application 1605- transradial delivery of a dual filter CEP system, performed as an adjunct during TAVI, will also be reviewed by ESC and MSAC at the October 2020 and November 2020 meetings, respectively.
Redacted.
Prerequisites to implementation of any funding advice
[bookmark: _Ref51171806]The SAPIEN 3 TAVI-BEV device is Australian Register of Therapeutic Goods (ARTG registered (ARTG no. 284496) and is indicated for relief of aortic stenosis in patients with symptomatic heart disease due to severe native calcific aortic stenosis who are judged by a Heart Team, including a cardiac surgeon, to be appropriate for the transcatheter heart valve replacement therapy. The TAVI-SEV devices (CoreValve Evolut devices) by Medtronic are also ARTG registered (ARTG no. 284003, 319850) for all patients with symptomatic severe AS, regardless of surgical risk (Table 2).

Table 2	ARTG registration status for Edwards SAPIEN 3 (i.e. TAVI-BEV) and near market comparators (i.e. TAVI-SEV): Medtronic CoreValve, Medtronic CoreValve Evolut R System and Abbott Portico system
	ARTG no.
	Product Name
	Product Description 
	Intended Purpose
	Sponsor

	TAVI-BEV
	
	
	
	

	284496

	60245 Aortic transcatheter heart valve bioprosthesis, stent-like framework
	The Edwards SAPIEN 3 transcatheter heart valve is comprised of a balloon-expandable, radiopaque, cobalt-chromium alloy frame, a trileaflet bovine pericardial tissue valve, a polyethylene terephthalate (PET) inner skirt, and a PET outer skirt. The Commander Delivery system components are intended for use via transfemoral access.
	The Edwards SAPIEN 3 Transcatheter Heart Valve System is indicated for relief of aortic stenosis in patients with symptomatic heart disease due to severe native calcific aortic stenosis who are judged by a Heart Team, including a cardiac surgeon, to be appropriate for the transcatheter heart valve replacement therapy.
	Edwards Lifesciences Pty Ltd

	TAVI-SEV
	
	
	
	

	254835
	Portico Transcatheter Heart Valve – Aortic – Aortic transcatheter heart valve bioprosthesis, stent-like framework
	The Portico valve is a pericardial, tri-leaflet valve, mounted inside a self-expanding stent designed for intra-annular placement using minimally invasive techniques. The valve is designed to be implanted in the native aortic heart valve without open-heart surgery and without concomitant surgical removal of the failed native valve.
	The Portico valve is indicated for transcatheter delivery in patients with symptomatic severe native aortic stenosis who are considered high surgical risk.
	Abbott Medical Australia Pty Ltd

	284003
	Medtronic CoreValve Evolut R System – Aortic transcatheter heart valve bioprosthesis, stent-like framework
	The Medtronic CoreValve™ Evolut™ R system is a recapturable transcatheter aortic valve implantation system, which includes the CoreValve™ Evolut™ R transcatheter aortic valve, the EnVeo™ R delivery catheter system, and the EnVeo™ R loading system. The support frame is manufactured from Nitinol, which has multilevel, self-expanding properties and is radiopaque. The bioprosthesis is manufactured by suturing valve leaflets and a skirt from porcine pericardium into a tri-leaflet configuration.
	The Medtronic CoreValve Evolut R system is indicated for relief of aortic stenosis in patients with symptomatic heart disease due to severe native calcific aortic stenosis who are judged by a heart team, including a cardiac surgeon, to be appropriate for the transcatheter heart valve replacement therapy.
	Medtronic Australasia Pty Ltd

	319850
	CoreValve Evolut PRO system – Aortic transcatheter heart valve bioprosthesis, stent-like framework
	The Medtronic Evolut PRO system is a recapturable transcatheter aortic valve replacement system, which includes the CoreValve Evolut PRO transcatheter aortic valve, the EnVeo R delivery catheter system, and the EnVeo R loading system. The support frame is manufactured from Nitinol, which has multilevel, self-expanding properties and is radiopaque. The bioprosthesis is manufactured by suturing valve leaflets and an inner skirt from porcine pericardium into a tri-leaflet configuration.
	The Medtronic CoreValve Evolut PRO system is indicated for relief of aortic stenosis in patients with symptomatic heart disease due to severe native calcific aortic stenosis who are judged by a heart team, including a cardiac surgeon, to be appropriate for the transcatheter heart valve replacement therapy.
	Medtronic Australasia Pty Ltd


Source: Compiled from Table 11 p25; and Table 12, pp26-27 of the Commentary
Abbreviations: ARTG = Australian Register of Therapeutic Goods; SEV = self-expanding valves; TAVI = transcatheter aortic valve
Proposal for public funding
The proposed MBS item descriptors are summarise in Table 3.
[bookmark: _Ref51581287]Table 3	Proposed MBS item descriptor
	Category X – XXXXX

	TAVI, using a balloon-expandable system, for treatment of symptomatic severe aortic stenosis, performed via transfemoral delivery, unless transfemoral delivery is contraindicated or not feasible, in a TAVI Hospital on a TAVI Patient by a TAVI Practitioner – includes all intraoperative diagnostic imaging that the TAVI Practitioner performs upon the TAVI Patient.
(Not payable more than once per patient in a five-year period.)

	Notes: The Health Insurance (Section 3C General Medical Services - Transcatheter Aortic Valve Implantation) Determination 2017(Cth) (Department of Health 2017) outlines the definitions of a TAVI Patient, TAVI Hospital and TAVI Practitioner.
TAVI Patient is a patient who, as a result of a TAVI Case Conference, has been assessed as having an intermediate risk for surgical aortic valve replacement and is recommended as being suitable to receive the service described in Item XXXXX. 
TAVI Hospital means a hospital, as defined by subsection 121-5(5) of the Private Health Insurance Act 2007, that is clinically accepted as being a suitable hospital in which the service described in Item XXXXX may be performed.
TAVI Practitioner is either a cardiothoracic surgeon or interventional cardiologist who is accredited by the Cardiac Accreditation Services Limited.

	Fee:  $1,455.10 a   Benefit: 75% = $1,091.35 	85% = $1,370.40


a The ADAR’s proposed item fee differed from the fee in the ratified PICO ($1,432.30) and the current MBS fee for item 38495 ($1,476.95). This is likely due updates made to the MBS fee schedule. 
Source: Table 2, px of the Commentary
The Commentary considered that consistent with MBS item 38495 (for patients assessed as having an unacceptably high risk for surgical aortic valve replacement), the proposed item does not provide an objective definition of a patient who ’has been assessed by the Heart Team as having an intermediate risk for SAVR’ but noted that PASC requested that ’intermediate risk’ be clearly defined in the new MBS item to prevent clinicians using their own judgment to define ’intermediate risk’ and to avoid leakage into low-risk patients [1603 Ratified PICO confirmation, 2]. The ADAR and primary clinical evidence defined ‘intermediate risk’ as someone who has a Society of Thoracic Surgeons Predicted Risk of Mortality (STS-PROM) score of 4-8%. In the Pre-ESC response (p1), stated that the STS-PROM comprises just one aspect of risk stratification and that there are a number of other eligibility criteria for TAVI, including clinical and personal factors. The pre-ESC response (p1) considered that current best practice involves a multidisciplinary Heart Team assessing patients on an individual basis. Therefore, specifying a definition of intermediate risk in the MBS descriptor is unnecessary and arbitrary.
Prosthesis
The ADAR proposed a higher prosthesis benefit of $redacted for TAVI-BEV than the July 2020 Prostheses List benefit of $22,932 for TAVI-BEV and TAVI-SEV devices. The Commentary highlighted that the ADAR did not justify the higher price or make an explicit clinical claim that TAVI-BEV delivers superior clinical outcomes relative to TAVI-SEV in the intermediate risk population.

Summary of public consultation feedback/consumer Issues
Feedback was received from a TAVI manufacturer and a single specialist, which did not support a device specific (and brand) application and considered it should be generic and cover TAVI with all TGA approved devices. They both considered there is no major difference between BEV and SEV.
The feedback from the TAVI manufacturer also considered that the device specific application would limit treatment options for patients, as prostheses selection is based on the most appropriate device for the patient. Furthermore, this feedback considered that all TAVI devices and all relevant evidence should be assessed noting that:
· outcomes, particularly mortality have always been comparable between BEVs and SEVs highlighting the results from two direct randomised controlled trials (RCTs) (SOLVE-TAVI [footnoteRef:2] in intermediate risk and CHOICE trial [footnoteRef:3] in high risk) [2:  Thiele H, Kurz T, Feistritzer HJ, Stachel G, Hartung P, Eitel I, et al. 2020. Comparison of newer generation self-expandable vs. balloon-expandable valves in transcatheter aortic valve implantation: the randomized SOLVE-TAVI trial. Eur Heart J 41: 1890-1899]  [3:  Abdel-Wahab M, Mehilli J, Frerker C et al. Comparison of balloon-expandable versus self-expandable valves in patients undergoing transcatheter aortic valve replacement: the CHOICE randomized clinical trial. JAMA. 2014;311:1503.] 

· the pivotal RCTs (highest quality evidence) of an intermediate risk population demonstrate TAVI is non-inferior to SAVR at all timepoints (PARTNER 2A [footnoteRef:4], SURTAVI [footnoteRef:5]) [4:  Leon MB, Smith CR, Mack MJ, Makkar RR, Svensson LG, Kodali SK, et al. 2016. Transcatheter or Surgical Aortic-Valve Replacement in Intermediate-Risk Patients. N Engl J Med 374: 1609-1620.]  [5:  Søndergaard L, Popma JJ, Reardon MJ, et al. Comparison of a complete percutaneous versus surgical approach to aortic valve replacement and revascularization in patients at intermediate surgical risk results from the randomized SURTAVI trial. Circulation 2019;140:1296-305.] 

· the application’s superiority claim for TAVI-BEV vs. SAVR is based on observational studies which are subject to inherent biases due to the nature of the study design.
The feedback from a single specialist also considered that the proposed fee is inadequate for the complexity, regulatory requirements and time involved with the procedure.
Proposed intervention’s place in clinical management
Description of Proposed Intervention
TAVI involving the SAPIEN 3 (i.e. newer generation device) BEV system involves minimally-invasive transfemoral insertion of a prosthetic heart valve, positioned within the native aortic annulus. Once in situ, the valve is expanded while the heart is rapidly paced. The procedure is performed using fluoroscopic and transoesophageal guidance, under general or local anaesthesia.
Description of Medical Condition(s)
Severe AS is characterised by narrowing of the aortic valve, leading to restriction of blood flow. The proposed population for the intervention is defined as patients with symptomatic[footnoteRef:6] severe AS[footnoteRef:7] at intermediate risk for surgical aortic valve replacement (SAVR), with no more than mild frailty and fulfilling any one of the following criteria: [6:  Defined as NYHA functional Class II or greater and symptoms of symptoms of dyspnoea, angina or syncope,]  [7:  Defined as an aortic valve area <0.8 cm2] 

· STS score 4-8% OR
· one major organ system compromise not to be improved postoperatively OR
· possible procedure-specific impediment.
Clinical place
The current clinical management algorithm and the proposed clinical management algorithm present the intended use of TAVI in the intermediate risk population following a listing on the MBS are provided in Figure 1 and 2, respectively. The key difference between the current and proposed clinical management pathway is the addition of TAVI-BEV (and TAVI-SEV) as a treatment option for intermediate-risk patients. The ADAR stated that currently in Australia, patients with symptomatic, severe AS and who are at intermediate risk of surgery either undergo curative surgery with surgical aortic valve implantation (SAVR) or are managed medically with pharmacological treatment, with or without balloon valvuloplasty, to relieve symptoms. However, the Commentary noted that the ADAR did not consider medical management as a viable treatment option for intermediate-risk patients as only SAVR (and TAVI) is curative.
The Commentary noted that the proposed algorithms also did not consider the patient’s age as an important factor in the choice between SAVR and TAVI-BEV. European Society of Cardiology and the European Association for Cardio-Thoracic Surgery (EACTS) Guidelines for Valvular Heart Disease [footnoteRef:8] note that SAVR is generally preferred in patients under 75 years and TAVI-BEV in patients 75 years and older. This is because the long-term durability of TAVI devices is unknown, with only preliminary data showing TAVI devices may last at least five-years without any signs of early degeneration. In comparison, SAVR valves are estimated to last 10 to 15 years. [8:  Baumgartner H, Falk V, Bax JJ, De Bonis M, Hamm C, Holm PJ, et al. 2017. 2017 ESC/EACTS Guidelines for the management of valvular heart disease. Eur Heart J 38: 2739-2791.] 
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Figure 1	Current clinical management algorithm for the identified population without listing TAV-BEV
Source: Figure A-1, p 25 of the ADAR

[image: U:\Documents\MSAC projects\01 PASC Meetings\2019\1603 TAVI vs 1552_and relation to 1605\1603 final ratified PICO Proposed algorithm V2.jpg]
Figure 2	Proposed clinical management algorithm if TAVI-BEV was listed for the identified population
Source: Figure A-2, p 26 of the ADAR

Comparator 
The ADAR nominated SAVR as the main comparator and TAVI-SEV as a secondary comparator. SAVR is an open-heart surgical procedure to repair or remove the narrowed aortic valve and replace it with a bioprosthetic or mechanical aortic valve. The procedure requires general anaesthetic and extracorporeal circulation, with access via a sternotomy or a less invasive transthoracic approach. The comparators were consistent with the ratified PICO and considered appropriate by the Commentary.

SAVR can be claimed under two existing MBS items (38488, 38489).
Comparative safety
There was no direct RCT evidence assessing TAVI-BEV vs. the primary comparator, SAVR. The evidential basis of the ADAR consisted of results from:
· PARTNER S3i [footnoteRef:9], a propensity score-adjusted comparison of two sub-populations from two clinical studies: intermediate risk patients (STS-PROM score: 4%-8%) from SAPIEN 3 single-arm observational study [footnoteRef:10] (TAVI-BEV arm in PARTNER S3i) and patients treated with SAVR from PARTNER 2A RCT (SAVR arm); and [9:  Thourani VH, Kodali S, Makkar RR, Herrmann HC, Williams M, Babaliaros V, et al. 2016. Transcatheter aortic valve replacement versus surgical valve replacement in intermediate-risk patients: a propensity score analysis. Lancet 387: 2218-2225.]  [10:  Kodali S, Thourani VH, White J, et al. Early clinical and echocardiographic outcomes after SAPIEN 3 transcatheter aortic valve replacement in inoperable, high-risk and intermediate-risk patients with aortic stenosis. Eur Heart J. 2016;37(28):2252-2262.] 

· an indirect comparison of TAVI-BEV (SAPIEN 3) with TAVI-SEV via the common comparator, SAVR, with data sourced from the PARTNER S3i study and SURTAVI trial respectively.
The Commentary noted that the ADAR did not include a recent RCT (SOLVE-TAVI; Thiele et al., 2020), which directly compared a newer generation TAVI-BEV (SAPIEN 3) to a newer generation  TAVI-SEV (Medtronic’s Evolut R CoreValve) in patients that were predominantly intermediate risk (median STS-PROM score of 4.7%, interquartile range 3.0%-9.8%). The pre-ESC response highlighted that the population in SOLVE-TAVI was high risk defined by the European System for Cardiac Operative Risk Evaluation (EuroSCORE) of ≥20% and/or a Society of Thoracic Surgeons (STS) risk score of ≥ 10%, or other high-risk criteria determined by the Heart Team. The results of the SOLVE-TAVI trial were included in the Commentary (Table 4).
The literature search was limited to SAPIEN 3 TAVI-BEV devices as earlier generations of this device are no longer marketed in Australia.  The Commentary considered that this was appropriate as several studies have demonstrated the SAPIEN 3 may not be comparable with earlier versions of the device (i.e. SAPIEN XT) (Ando et al., 2016 [footnoteRef:11]; Schofer et al., 2016 [footnoteRef:12]) is indicated for relief of aortic stenosis in patients with symptomatic heart disease due to severe native calcific aortic stenosis who are judged by a Heart Team, including a cardiac surgeon, to be appropriate for the transcatheter heart valve replacement therapy. [11:  Ando T, Briasoulis A, Holmes AA, Taub CC, Takagi H, Afonso L. 2016. Sapien 3 versus Sapien XT prosthetic valves in transcatheter aortic valve implantation: A meta-analysis. Int J Cardiol 220: 472-478.]  [12:  Schofer N, Deuschl F, Vogel B, Pecha S, Seiffert M, Lubos E, et al. 2016. Sapien 3 is Superior to Sapien XT: A Single-Center Analysis of Implanted Balloon Expandable Transcatheter Heart Valves. The Thoracic and Cardiovascular Surgeon.] 

Table 4	Key features of the included evidence comparing TAVI-BEV with SAVR and TAVI-SEV
	Trial/Study
	N
	Design/ duration
	Risk of bias
	Patient population
	Key outcome
	Result used in economic model

	PARTNER S3i
(Thourani et al., 2016)
	1037
	PSA comparison of two sub-populations from SAPIEN 3 (TAVI-BEV) and PARTNER 2A (SAVR) trials

Follow-up: 30 days and 1-year
	Low to moderate
	Intermediate-risk patients (STS-PROM score (4%-8%)) with severe aortic stenosis
	All-cause mortality, stroke, PVR, PPI, reinterventions, HRQoL
	Yes

	SURTAVI 

	1657
	Design: R, MC, OL, NI, between TAVI-SEV and SAVR.

Follow-up: 30-days, 1 and 2 years
	Moderate
	Intermediate high-risk patients (STS-PROM score (3%-15%)) with severe aortic stenosis
	All-cause mortality, stroke, PVR, PPI, reinterventions
	No

	SOLVE-TAVIa (Thiele et al., 2020)
	433
	Design: R, MC, OL, NI, between TAVI-BEV and 
TAVI-SEV.

Follow-up: 30-days
	Low
	 Baseline demographics suggested patients were predominantly intermediate risk
	All-cause mortality, stroke, PVR, and PPI
	No


Abbreviations: HRQoL=health-related quality of life; MC=multi-centre; NI = non-inferiority, OL=open label (unblinded);  PPI = permanent pacemaker implanted; PSA = propensity score-adjusted;  PVR = prosthetic valve regurgitation; R=randomised; SAVR = surgical aortic valve replacement; STS-PROM = Society of Thoracic Surgeons’ Predicted Risk of Mortality ; TAVI-BEV = transcatheter aortic valve implantation - balloon-expandable valve; TAVI-SEV = transcatheter aortic valve implantation - self-expandable valve 
Notes: a = identified by the evaluation
Source: Table 3, pxii of the Commentary
TAVI-BEV vs. SAVR
The results of the propensity score-adjusted comparison (Table 5) showed that patients treated with TAVI-BEV have higher rate of moderate or severe aortic regurgitation than patients treated with SAVR at 12-months follow-up (weighted differences of proportions [WDP]: 1.2%, 95% confidence interval [CI]: 0.2 to 2.2; p-value = 0·0149).
The unadjusted (i.e. naïve) comparison found that patients treated with TAVI-BEV had significantly higher rates of new permanent pacemaker implantations and numerically higher rates of aortic valve re-intervention over 12-months follow-up. However, patients treated with TAVI-BEV had significantly lower rates of re-hospitalisations, new cases of atrial fibrillation, myocardial infarction and life-threatening or disabling bleeding than patients treated with SAVR. However, as acknowledged in the ADAR, the Commentary considered that the results from the unadjusted (naïve) analyses were highly uncertain.

Table 5	Key safety outcomes reported by the ADAR based on PARTNER S3i- 30 days and 1 year
	
	TAVI-BEV
	SAVR
	RD (95% CI)
	RR (95% CI)

	Propensity score-adjusted comparison 
	
	
	
	

	Moderate to severe aortic regurgitation (12 months)
	-
	-
	1.2%, (0.2 to 2.2) a
	-

	Unadjusted (naïve comparison)
	
	
	
	

	Life-threatening or disabling bleeding 
(30 days)
	50/1018 (49%)
	440/493
(89.2%)
	-84.3% (-87.4%; -81.3%)
	0.06 (0.04; 0.07)

	Aortic valve reintervention 
(12 months)
	6/958 (<1%)
	4/794 (<1%)
	0.1% (-0.6%; 0.8%)
	1.24 (0.35; 4.39)

	New permanent pacemakers 
(30 days)
	109/955
(11%)
	68/836 (8%)
	3.3% (0.5%; 6.0%)
	1.40 (1.05; 1.87)

	New permanent pacemakers
 (12 months)
	132/842
(6%)
	85/721 (2%)
	3.9% (0.5%; 7.3%)
	1.33 (1.03; 1.71)

	Rehospitalisation
(30 days)
	49/1017 (5%)
	62/845 (9%)
	-3.8% (-6.1%; -1.5%)
	0.56 (0.39; 0.79)

	Myocardial infarction
(30 days)
	3/1060 (<1%)
	18/889 (2%)
	-1.7% (-2.7%; -0.8%)
	0.14 (0.04; 0.47)

	New atrial fibrillation
(30 days)
	54/1012 (5%)
	265/649 (41%)
	-35.5% (-39.5%; -31.5%)
	0.13 (0.10; 0.17)

	Stage 3 acute kidney injury 
(30 days)
	5/1058 (<1%)
	31/879 (4%)
	-3.1% (-4.3%; 1.8%)
	0.13 (0.05; 0.34)


Abbreviations: ADAR = ADAR-based assessment; CI = confidence interval; RD = risk difference; RR =relative risk; SAVR = surgical aortic valve replacement TAVI-BEV = transcatheter aortic valve implantation with a balloon-expandable valve
Bold = statistically significant at p-value < 0.05; Italics = corrected in the ESC report
Source: Tables 26 – 30, p54-57 of the Commentary
a Propensity score-adjusted analysis weighted difference of proportions
TAVI-BEV vs. TAVI-SEV
The ADARs indirect comparison between TAVI-BEV and TAVI-SEV suggested:
· TAVI-BEV were significantly less likely to require a permanent pacemaker at 
30-days follow-up
· TAVI-BEV patients were significantly less likely to experience atrial fibrillation, myocardial infarction and major vascular complications than TAVI-SEV (see Table B-23 of the ADAR).
However, The ADAR concluded there was too much clinical heterogeneity between trials to draw conclusions from the results of the indirect comparison. Patients in SURTAVI were generally lower risk than patients in PARTNER S3i; SURTAVI patients were generally younger (mean age of 80 years versus 82 years), had lower rates of NYHA class III or IV (58%-60% vs. 73%-76%) and atrial fibrillation (27%-28% versus 35-36%).
The Commentary noted the results from the SOLVE-TAVI trial (Table 6), patients treated with TAVI-BEV had numerically lower rates of moderate to severe prosthetic valve regurgitation (2% vs. 3%) and required fewer new permanent pacemakers (19% vs. 23%) at 30-day follow-up, compared with patients treated with TAVI-SEV. These differences were statistically not significant. Additionally, the Commentary noted that the duration of follow-up in the SOLVE-TAVI trial was only 30-days, and as such the results should be interpreted with caution as there is the potential for additional long-term differences in adverse outcomes. The pre-ESC response considered that the results of SOLVE-TAVI were not relevant as the study authors stated that that “the study included mainly high-risk patients undergoing TAVI. Therefore, the impact of the two different valve types on outcome in lower-risk cohorts cannot be extrapolated.”

Table 6	Perioperative outcomes from the SOLVE-TAVI Trial (Thiele et al., 2020)- 30 days
	Outcome
	TAVI-SEV (EVOLUT R)
N = 218
	TAVI-BEV (SAPIEN 3)
N = 219
	Rate Difference
(90% CI)
	P-value equivalence

	Composite primary endpoint a
	62/218 (28%)
	56/216 (26%)
	-2.51 (-9.56, 4.53) b
	0.004

	All-cause mortality
	7/217 (3%)
	5/219 (2%)
	-0.94 (-4.79, 2.91)
	<0.0001

	Stroke 
	1/210 (1%)
	10/214 (5%)
	4.2 (0.11 to 8.28)
	0.003

	Moderate or severe paravalvular regurgitation
	7/208 (3%)
	3/207 (2%)
	-1.92 (-5.88, 2.05)
	0.0002

	Permanent pacemaker
	49/213 (23%)
	41/214 (19%)
	-3.85 (-10.4, 2.72)
	0.06


Source: Table 99, pp123-124 of the Commentary
Abbreviation: BEV = balloon expandable valve; SEV = self-expanding valves; TAVI = transcatheter aortic valve implantation
Italics = revised in the ESC report
a Composite of all-cause mortality, stroke, moderate or severe prosthetic valve regurgitation; permanent pacemaker implantation at 30-day follow-up
b Also reported as rate difference -2.39 (90% CI -9.45, 4.66) in the abstract
Comparative effectiveness
TAVI-BEV vs. SAVR
The results of propensity score-adjusted comparison (Table 5) showed that TAVI-BEV was superior to SAVR at 12-months follow-up for the composite endpoint, death, stroke, and moderate to severe aortic regurgitation (WDP: -9·2%, 95% CI -13.0 to -5.4; p-value < 0·0001), and for the individual outcomes of death (WDP: -5.2%, -8.0 to -2.4; p-value = 0·0003) and stroke (WDP = -3·5%, -5·9 to -1·1; p-value = 0·0038), but inferior to SAVR for the outcome for moderate or severe aortic regurgitation (WDP: 1.2%, 95% CI: 0.2 to 2.2; p-value = 0·0149). The results of the unadjusted (naïve) comparison, which were agreed to be uncertain in the ADAR and Commentary, are also included in Table 7.
Table 7	Key effectiveness outcomes reported by the ADAR from PARTNER S3i- 30 days and 1 year
	Outcome
	TAVI-BEV
	SAVR
	RD (95% CI)
	RR (95% CI)

	Propensity score-adjusted 
	
	
	
	

	Primary composite outcome a
	-
	-
	-9.2% (-13.0%;-5.4%) b 
	-

	Stroke (12 months)
	-
	-
	-3.5%, (-5.9%; -1.1%) b
	-

	Moderate or severe aortic regurgitation
	-
	-
	1.2% (0.2; 2.2) b
	-

	Unadjusted (naïve comparison)
	
	
	
	

	All-cause mortality
	
	
	
	

	30-days postop
	12/1063 (1%)
	38/902 (4%)
	-3.1% (-4.5%; -1.6%)
	0.27 (0.14; 0.51)

	12 months follow up
	79/963 (8%)
	121/795 (15%)
	-7.0% (-10.1%; -4.0%)
	0.54 (0.41; 0.70)

	30-day stroke outcomes
	
	
	
	

	Any stroke
	29/1035 (3%)
	57/852 (7%)
	-4% (-5.8%; -1.9%)
	0.42 (0.27; 0.65)

	Disabling stroke
	11/1053 (1%)
	41/868 (5%)
	-4% (-5.2%; -2.1%)
	0.22 (0.11; 0.43)

	Death or disabling stroke
	22/1053 (2%)
	75/868 (9%)
	-7% (-8.6%; -4.5%)
	0.24 (0.15; 0.39)

	12 month stroke outcomes
	
	
	
	

	Any stroke
	49/930 (5%)
	75/743 (10%)
	-4.8% (-7.4; -2.2%)
	0.52 (0.37; 0.74)

	Disabling stroke
	24/953 (3%)
	54/764 (7%)
	-4.6% (-6.6%; -2.5%)
	0.36 (0.22; 0.57)

	Death or disabling stroke
	90/953 (9%)
	155/764 (20%)
	-10.8% (‑14.3%; ‑7.4%)
	0.47 (0.37; 0.59)


Source: Outcome 1, p58 and Tables 31-33, pp59-60 of the Commentary 
ADAR = Applicant Developed Assessment Report; CI = confidence interval; TAVI-BEV = transcatheter aortic valve implantation with a balloon-expandable valve; SAVR = surgical aortic valve replacement; RD = risk difference; Bold = statistically significant at p-value< 0.05
a One-year non-composite  event  of  death  from  any  cause, stroke, and moderate   or severe   post-treatment aortic regurgitation 
b Weighted difference of proportions
Patients treated with TAVI-BEV had superior perioperative health-related quality of life (HRQoL), as measured by the SF-36 physical and mental health component summary score, the Kansas City Cardiomyopathy Questionnaire (KCCQ) overall summary score and by the EQ-5D, and this was significant at 30-days. However, at 12-months, there was no significant difference in the treatment groups HRQoL (except for the KCCQ overall summary score).
TAVI-BEV vs. TAVI-SEV
The ADAR did not perform an indirect comparison for the primary outcomes (Table 8), noting the differences in primary outcomes and clinical heterogeneity between trials.
[bookmark: _Ref42523793][bookmark: _Toc42617134]Table 8	Results of primary outcomes for TAVI-BEV vs. SAVR and TAVI-SEV vs. SAVR
	
	TAVI-BEV vs SAVR- 1 year
	TAVI-SEV vs SAVR- 2 year
	TAVI-BEV vs TAVI-SEV

	Primary composite endpoint 

	death from any cause 
all strokes 
post-treatment aortic regurgitation (moderate or greater [severe]) 
	death from any cause
disabling stroke
	Not applicable

	Results
	Weighted difference of proportions -9.2% (95% CI -13.0 to -5.4; p<0·0001) in favour of TAVI-BEV.
	TAVI-SEV=12.6% vs SAVR=14.0%, 95% CI: -5.2 to 2.3% (p-value for non-inferiority >0.999)
	Not applicable


Source: Compiled from Table B-25 of the ADAR
Clinical claim
TAVI-BEV vs. SAVR
The ADAR claimed that TAVI-BEV is superior to SAVR in patients with symptomatic severe AS at intermediate risk for surgery, in terms of overall survival at 30-days and one‑year post-procedure; and in terms of the risk of disabling stroke at 30 days and one-year post-procedure. The ADAR claimed TAVI-BEV was inferior to SAVR in terms of post-procedural moderate-severe aortic regurgitation and need for aortic valve re-intervention. The Commentary considered the clinical claim was supported by the evidence base in the short term (up to 12 months), but noted that while the propensity score adjustment controlled for all relevant observed characteristics, there remained potential bias due to potential differences in unobserved variables. The Commentary noted that based on the unadjusted analyses conducted by the ADAR, relative to SAVR, TAVI-BEV is also inferior for rates of new permanent pacemaker at 30-days and one-year, and superior for rates of myocardial infarction and atrial fibrillation at 30-days and one-year. However, the ADAR did not make an explicit claim for comparative safety and both the ADAR and Commentary considered that the unadjusted results were highly uncertain.
The Commentary also noted that long-term comparative effectiveness and safety was also uncertain as there was no comparative data provided beyond 12 months for TAVI-BEV vs. SAVR.
In the pre-ESC response, the applicant highlighted that a recent presentation reporting on five-year outcome data from patients enrolled in PARTNER 3Si showed that differences between the TAVI-BEV and SAVR groups in terms of mortality and disabling stroke persisted, although survival curves for mortality began to converge from Year 3. The applicant also stated that follow-up data showed at 5 five years, the need for PPM still favoured SAVR (16.2% TAVI_BEV vs. 11.7% SAVR, p=0.01) but not aortic regurgitation (1.3% TAVI-BEV vs. 0.8% SAVR, p=0.31). In terms of valve integrity, the applicant indicated that very low rates of valve dysfunction were noted at five years: 0.63% haemodynamic valve deterioration and 0.63% bioprosthetic valve failure.

TAVI-BEV vs. TAVI-SEV
The ADAR did not make a clinical claim for its comparison of TAVI-BEV with TAVI-SEV, on the basis that there were no direct clinical trials and too much heterogeneity between studies to conduct an indirect comparison. The Commentary supported this conclusion noting that the key factors that affect the exchangeability PARTNER S3i and SURTAVI are: the different generation TAVI devices used with TAVI-BEV a newer generation device vs. the predominant use [84%] of first generation devices, respectively; patients in PARTNER S3i were higher risk than SURTAVI (mean age 82 vs. 80 years, respectively; NYHA class II-IV 73-76% vs. 58-60%, respectively; and atrial fibrillation 35=36% vs. 27-28%, respectively).
The Commentary noted that results of the SOLVE-TAVI trial suggested that TAVI-BEV and TAVI-SEV were equivalent in terms of the composite primary endpoint ‘all-cause mortality, stroke, moderate/severe prosthetic valve regurgitation, and permanent pacemaker implantation’. The Commentary highlighted that as the duration of follow-up in this study was only 30-days, the results should be interpreted with caution.
Translation issues
There were several translation issues:
· Based on data presented by the ADAR, patients in PARTNER S3i appeared to be applicable or broadly similar to the proposed MBS population. However, the Commentary noted that patients treated with various TAVI devices (which included TAVI-BEV) in Australian studies had substantially longer stays in hospital (mean: 6-9 days) than patients in PARTNER S3i (median 4-days) (Lee et al., 2019 [footnoteRef:13]; Thourani et al., 2016 [footnoteRef:14]). As the ADAR used the ratio of hospital stay between TAVI-BEV and SAVR patients (median 4 days [range: 1.0-122.0] vs. 9 days (range: 1.0-77.0]) in PARTNER S3i to derive the hospitalisation cost of TAVI-BEV, the extent of the reduction in hospitalisation costs due to treatment with TAVI-BEV is uncertain [13:  Lee HA, Chou AH, Wu VC, Chen DY, Lee HF, Lee KT, et al. 2020. Balloon-expandable versus self-expanding transcatheter aortic valve replacement for bioprosthetic dysfunction: A systematic review and meta-analysis. PLoS One 15: e0233894.]  [14:  Thourani VH, Kodali S, Makkar RR, Herrmann HC, Williams M, Babaliaros V, et al. 2016. Transcatheter aortic valve replacement versus surgical valve replacement in intermediate-risk patients: a propensity score analysis. Lancet 387: 2218-2225.] 

· The ADAR did not present any justification for the selection of utility values in Section C. The Commentary considered it was not reasonable to assume that patients without stroke, with severe AS and who have undergone major surgery (either with TAVI-BEV or SAVR) have similar utility values to Australian population norms; they would have substantially lower utility values than the general population. Moreover, the MSAC has previously considered this approach inappropriate [PSD Application No. 1361, p4]. A more reasonable approach would have been to directly apply the utility values from PARTNER S3i as was done by Baron et al., 2018 [footnoteRef:15]. The published economic model of TAVI-BEV comparing SAVR in patients with severe, symptomatic AS at intermediate risk of surgery in the Australian context (Zhou et al., 2019) applied trial-based utility values derived from (Baron et al., 2018). However, the Commentary considered that the selection of utility values was not a significant driver of the economic model [15:  Baron SJ, Thourani VH, Kodali S, Arnold SV, Wang K, Magnuson EA, et al. 2018. Effect of SAPIEN 3 Transcatheter Valve Implantation on Health Status in Patients With Severe Aortic Stenosis at Intermediate Surgical Risk: Results From the PARTNER S3i Trial. JACC Cardiovasc Interv 11: 1188-1198] 

· The ADAR derived transition probabilities from the PARTNER S3i study, which reported on outcomes at 30 days and 12-month follow-up. For the first 30-day cycle of the model, transition probabilities were based on the risks of 30-day outcomes observed in PARTNER S3i. For cycles 2-12 (until one-year post procedure), transition probabilities were estimated using the 12-month follow-up data. From Cycle 13 (Year 1) onwards, transition probabilities were based on Australian age and sex-specific data for mortality and hospitalisations, but no differences in these probabilities were assumed between the TAVI-BEV and SAVR groups (i.e. no treatment benefit after 12-months). The Commentary considered that the impact of this approach was uncertain, given no longer-term data are available to inform the maintenance of treatment benefit of TAVI-BEV compared to SAVR (see model validation below). The Commentary noted that the economic model considered in MSAC 1361 for high risk patients relied upon longer term follow-up data (PARTNER trial had 5-years of published follow-up data) than was available for the current application in intermediate-risk patients (PARTNER S3i had 12-months of published follow-up data).
Economic evaluation
The ADAR presented two cost-utility analyses (CUAs): a primary comparison of TAVI-BEV with SAVR and a secondary comparison of TAVI-BEV with TAVI-SEV. CUA was considered the most appropriate form of economic evaluation for TAVI-BEV based on the clinical claim of superior effectiveness compared with SAVR in terms of death and disabling stroke but inferior in terms of aortic regurgitation and aortic valve re-intervention. The Commentary highlighted that the ADAR did not make an explicit clinical claim against TAVI-SEV, which is typically necessary to support the rationale for a CUA.
[bookmark: _Ref51848612]Table 9 presents a summary of the economic evaluations. A comparison of the current economic evaluation with the economic evaluations for the high risk and inoperable populations is presented in Table 10.

Table 9	Summary of the economic evaluation
	Perspective
	Australian health-care system perspective

	Comparator
	SAVR or TAVI-SEV

	Type of economic evaluation
	Cost-utility analysis

	Sources of evidence
	Clinical data from PARTNER S3i a published data from AIHW and ABS

	Time horizon
	10 years (base-case). 5 and 20 years were presented in sensitivity analyses

	Outcomes
	· Disabling stroke – non-fatal and fatal
· Deaths from causes other than disabling stroke
· Life years lived
· Quality-adjusted life-years lived

	Adverse events
	Life-threatening or disabling bleeding, major vascular complications, acute kidney injury, myocardial infarction, new atrial fibrillation, new permanent pacemaker, aortic valve re-intervention, paravalvular leak

	Methods used to generate results
	Decision analysis
Markov state-transition modelling
Cohort expected value analysis

	Health states
	(1) Alive, no disabling stroke 
(2) Alive with disabling stroke 
(3) Dead 

	Cycle length
	30-days

	Discount rate
	5% 

	Software packages used
	Microsoft Excel 


Abbreviations: ABS = Australian Bureau of Statistics; AIHW = Australian Institute of Health and Welfare; SAVR = surgical aortic valve replacement; TAVI-SEV = transcatheter aortic valve implantation with self-expanding valve
Source: Table D-2, p 101 of the ADAR
a The economic model comparing TAVI-BEV with TAVI-SEV was the same as the comparison with SAVR except for the cost of the index procedure and the application of TAVI-BEV aortic valve re-intervention to both TAVI-BEV and TAVI-SEV arms. Otherwise the transition probabilities were the same as the TAVI-BEV versus SAVR economic model
The Commentary noted key issues for the primary CUA comparing TAVI-BEV with SAVR:
· There is uncertainty in the length of hospitalisation stay and therefore the hospitalisation cost of TAVI-BEV
· The ADAR proposed a higher prosthesis benefit of $redacted for TAVI-BEV than the July 2020 Prostheses List benefit of $22,932 for TAVI-BEV and TAVI-SEV devices
· The ADAR included MBS costs but did not include the cost of the prosthesis or the cost of hospital stay for private patients. The Commentary revised the base case addressing this issue by including hospital stay and prostheses costs for private patients, and also using the current benefit for TAVI-BEV prosthesis price of $22,932 (see Table 10) 
· The methods used to calculate the transition probabilities in the TAVI-BEV arm were overly complex and their derivation was not well described or justified by the ADAR. Further, the methods used to obtain the proportion of strokes that were fatal and non-fatal are inconsistent with the methods applied in the SAVR arm
· In all cycles the economic model assumed TAVI-BEV to be equivalent to SAVR in terms of all adverse events, except for aortic valve re-intervention. However, the ADAR's clinical evidence showed significant differences between TAVI-BEV and SAVR in terms of myocardial infarction, (higher in SAVR arm), atrial fibrillation (higher in SAVR arm), and new permanent pacemaker (higher in TAVI-BEV arm) 
· No disutilities were applied to adverse events.
TAVI-BEV vs. SAVR
Commentary’s revised economic evaluation
Table 10 presents the Commentary’s results of the economic evaluation comparing TAVI-BEV with SAVR using the current benefit for TAVI-BEV of $22,932 (revised base case) and ADARs proposal for higher benefit of $redacted (scenario analysis 1).
Table 10	Results of modelled economic evaluations comparing TAVI-BEV with SAVR, the revised base case with 5% discounting  
	Cost-utility analysis 
	Cost a b
	Incremental cost
	Effectiveness (QALYs)
	Incremental effectiveness
	ICER

	Revised base case c: using the cost of TAVI-BEV from the July 2020 Prostheses List

	TAVI-BEV
	$redacted
	$redacted
	redacted
	redacted
	Dominant
$redacted

	SAVR
	$redacted
	
	redacted
	
	

	Scenario analysis 1d: using the ADAR’s proposed cost of $redacted for TAVI-BEV

	TAVI-BEV
	$redacted
	redacted
	redacted
	redacted
	Dominant
$redacted

	SAVR
	$redacted
	
	redacted
	
	


Abbreviations: ICER = incremental cost-effectiveness ratio; QALY = quality adjusted life year; SAVR = surgical aortic valve replacement; TAVI-BEV = transcatheter aortic valve
a  Hospital and prosthesis costs for private patients were included by the evaluation
b  Note: in cells redacted the cost of $redacted was applied to each cycle instead of $redacted
c Revised base case assumptions include inclusion of prostheses costs and hospital stay costs for private patients, TAVI-BEV prosthesis cost of $22,932, as per the July 2020 Prostheses List
d Scenario analysis 1 assumptions include: inclusion of prostheses costs and hospital stay costs for private patients, TAVI-BEV prosthesis cost of $redacted, as per the ADAR
Source: Table 4, pxix of the Commentary
The Commentary sensitivity analyses found that TAVI-BEV remained the dominant treatment option compared with SAVR in most scenarios, including changes in the assumption of efficacy between TAVI-BEV and SAVR, the inclusion of the ADAR’s proposed prosthesis cost $redacted (scenario 1), the application of treatment specific adverse event rates and changes in utility values. The exception was when the hospitalisation costs for treatment with TAVI-BEV were adjusted based on the length of hospital stay for TAVI-BEV vs. SAVR patients (Figure 3). The Commentary’s threshold analysis indicating that TAVI-BEV stops being the dominant treatment option at ratios redacted.
[image: ]
Figure 3 Tornado Diagram 
Abbreviations: ICER = incremental cost-effectiveness ratio; QALY = quality adjusted life year; SAVR = surgical aortic valve replacement; SIR = standardised incidence ratio; standardised mortality ratio; TAVI-BEV = transcatheter aortic valve implantation - balloon-expandable valve 
Source: constructed during evaluation (Figure 7, p99 of the Commentary)
Model validation
The Commentary examined the external validity of the model by comparing the Markov traces for death or disabling stroke of TAVI and SAVR arms (aggregated for male and female proportions) with 5-years of follow-up data from the PARTNER 2A study. PARTNER 2A was a randomised trial, which compared an earlier generation TAVI-BEV device (SAPIEN XT) with SAVR. The SAVR patients in this study provided the SAVR arm of PARTNER S3i, which was the basis of the ADAR’s clinical evidence. The comparison found that the modelled rates of death or disabling stroke at 5-years for SAVR patients were similar to the Kaplan-Meier estimates for SAVR patients in PARTNER 2A (42% versus 43%) [Figure4]. The Commentary considered that it was not possible to compare the modelled rates of death or disabling stroke for TAVI-BEV patients to the Kaplan-Meier estimates as PARTNER 2A used an earlier generation TAVI-BEV device.

[bookmark: _Ref51575795]Figure 4	Comparison of modelled death or disabling stroke vs. external data of intermediate risk cohort over 5 years
Abbreviations: SAVR = surgical aortic valve replacement; TAVI-BEV = transcatheter aortic valve – balloon expandable valves (SAPIEN 3); TAVI = transcatheter aortic valve – balloon expandable valves (SAPIEN XT)
Source: Compiled during evaluation from Model spreadsheet and Figure 1 of (Makkar et al., 2020) [Redacted]
Applicant’s revised economic evaluation
In the pre-ESC response, the applicant revised the modelled evaluation (Table 11) so as to increase the relative risk of mortality among TAVI-BEV patients by 20%, such that the overall survival curves crossed at five years (Figure 5). This was in response to the five year outcome data from PARTNER 3Si presented at the Transcatheter Valve Therapy (TVT) online scientific meeting. The ADAR stated the TAVI-BEV remained dominant over SAVR.
Table 11	Applicant’s revised pre-ESC model: assumed 20% relative increase in mortality
	
	Net costs*
	Years of life lived
	QALYs lived
	ICER: $/YoLS
	ICER: $/QALY

	TAVI-BEV
	$redacted
	redacted
	redacted
	
	

	SAVR
	$redacted
	redacted
	redacted
	
	

	Difference
	$redacted
	redacted
	redacted
	Dominant
	Dominant


Source: Table 2, pp6 of pre-ESC response

Figure 5	Comparison of ADAR base case model vs. Pre-ESC response model
Source: Extracted from ADAR model (Appendix A-Model Selection D)
In the pre-MSAC response, the applicant again revised the modelled evaluation to align the outputs from 5-year follow up from PARTNER S3i. The applicant noted the base case model underestimated overall mortality (31.4% TAVI-BEV and 35.1% SAVR predicted by model vs. 39.1% TAVI-BEV and 41.3% SAVR observed in PARTNER 3Si), and over-estimated disabling stroke (10.2% TAVI-BEV and 12.4% SAVR predicted by model vs. 5.8% TAVI-BEV and 7.9% SAVR observed in PARTNER 3Si). In the TAVI-BEV Group, the risk of fatal stroke was reduced by 73% (relative risk [RR] 0.27), the risk of non-fatal disabling stroke was reduced by 75%, and the risk of death from other causes was increased by 62%. In the SAVR Group, the risks of fatal and non-fatal disabling stroke were reduced by 75% each, and the risk of death from other causes was increased by 50%. These changes led to predicted proportions of deaths and disabling strokes in both the TAVI-BEV and SAVR groups at 5 years matching those observed in the 5-year follow-up study (Figure 6). TAVI-BEV remained dominant in the revised model (Table 12).

  
Figure 6	Comparison of applicant’s revised pre-MSAC model vs. 5 year follow up from PARTNER 3Si [redacted] 
Source: Extracted from applicant’s pre-MSAC model (Appendix A-Model Selection D- 5yr horizon)
Note: Redacted figure from PARTNER 3Si available from TCTMD 
Table 12	Applicant’s revised pre-MSAC model: based on aligning with 5-year follow up from PARTNER 3Si
	
	Net costs*
	Years of life lived
	QALYs lived
	ICER: $/YoLS
	ICER: $/QALY

	TAVI-BEV
	$redacted
	redacted
	redacted
	
	

	SAVR
	$redacted
	redacted
	redacted
	
	

	Difference
	$redacted
	redacted
	redacted
	Dominant
	Dominant


Source: Extracted from applicant’s pre-MSAC model (Appendix A-Model Selection D- 5yr horizon)
TAVI-BEV vs. TAVI-SEV
The results of the secondary economic evaluation comparing TAVI-BEV with TAVI-SEV are summarised in Table 13.
[bookmark: _Ref51338848]Table 13	Results of modelled economic evaluation comparing TAVI-BEV with TAVI-SEV, revised base case and scenario analysis 1 with 5% discounting
	Cost-utility analysis 
	Cost a b
	Incremental cost
	Life years
	Incremental life years 
	Effectiveness (QALYs)
	Incremental effectiveness
	ICER

	Revised base case: using the cost of TAVI-BEV from the July 2020 Prostheses List

	TAVI-BEV
	$redacted
	$redacted
	redacted
	redacted
	redacted
	redacted
	Dominant
$redacted

	TAVI-SEV
	$redacted
	
	redacted
	
	redacted
	
	

	Scenario analysis 1: using the ADAR’s proposed cost of $redacted for TAVI-BEV

	TAVI-BEV
	$redacted
	$redacted
	redacted
	redacted
	redacted
	redacted
	$redacted

	TAVI-SEV
	$redacted
	
	redacted
	
	redacted
	
	


Abbreviations: ICER = incremental cost-effectiveness ratio; QALY = quality adjusted life year; TAVI-BEV = transcatheter aortic valve implantation - balloon-expandable valve; TAVI-SEV = transcatheter aortic valve implantation - self-expanding valve
a  Hospital and prosthesis costs for private patients were included by the evaluation
b   Note: in cells $redacted the cost of $redacted was applied to each cycle instead of $redacted
Source: Table D 22, p 144 of the ADAR
The Commentary highlighted that the comparison of TAVI-BEV with TAVI-SEV assumed TAVI-SEV has the same efficacy and safety risks as SAVR but had the same index hospitalisation cost as TAVI-BEV. The Commentary considered that this assumption was not justified by the clinical evidence or appropriate.
Financial/budgetary impacts
[bookmark: _Ref51340158]The ADAR estimated the financial implications (Table 11) of the listing for TAVI-BEV in patients with symptomatic severe AS and at intermediate surgical risk by estimating the number of SAVR procedures and the proportion of these that would be for the intermediate surgical risk population. The ADAR did not consider the financial implications associated with hospitalisation and prostheses costs for private patients. Consistent with the economic model, the Commentary presented a revised base case including these costs and the using the current benefit for TAVI-BEV prosthesis of $22,932 as per the July 2020 Prostheses list. A scenario analysis using the ADAR proposed price of $redacted is also presented (see Table 13).
Table 13	Commentary revised base case (inclusion of private hospital and prostheses cost ($22,932) on the PHI for private patients and scenario analysis with prosthesis costed at ADARs proposal ($redacted)
	[bookmark: _GoBack]Parameter
	2021
	2022
	2023
	2024
	2025
	Total

	MBS

	Private patients (60.9%)
	483
	495
	507
	519
	531
	2,536

	Cost to the MBS due to listing TAVI-BEV (75% fee) a
	$redacted
	$redacted
	$redacted
	$redacted
	$redacted
	$redacted

	Cost-savings to the MBS due to listing TAVI- BEV (75% fee) a
	$redacted
	$redacted
	$redacted
	$redacted
	$redacted
	$redacted

	Net-cost to the MBS
	$redacted
	$redacted
	$redacted
	$redacted
	$redacted
	$redacted

	State and territory government health budgets

	Public patients (39.4%)
	310
	318
	326
	334
	342
	1,630

	Cost of treatment with TAVI-BEV b
	$redacted
	$redacted
	$redacted
	$redacted
	$redacted
	$redacted

	Cost-savings due to TAVI-BEV (reduction in SAVR)
	$redacted
	$redacted
	$redacted
	$redacted
	$redacted
	$redacted

	Net cost to state and territory governments 
	$redacted
	$redacted
	$redacted
	$redacted
	$redacted
	$redacted

	Australian government

	Net-cost to the Australian government
	$redacted
	$redacted
	$redacted
	$redacted
	$redacted
	$redacted

	Net cost using the ADAR’s proposed prosthesis cost of $redacted (scenario 1)
	$redacted
	$redacted
	$redacted
	$redacted
	$redacted
	$redacted

	Private health insurance c

	Net prosthesis costs due to listing TAVI-BEV (Prosthesis List price) b
	$redacted
	$redacted
	$redacted
	$redacted
	$redacted
	$redacted

	Net prosthesis costs due to listing TAVI-BEV 
(ADAR proposed price) b 
	$redacted
	$redacted
	$redacted
	$redacted
	$redacted
	$redacted

	Private hospital costs- revised Post ESC
	
	
	
	
	
	

	Net private hospital cost savings due to listing TAVI‑BEV 
	$redacted
	$redacted
	$redacted
	$redacted
	$redacted
	$redacted


Abbreviations: MBS = Medical Benefits Scheme; PHI = private health insurance; TAVI-BEV = transcatheter aortic valve implantation - balloon-expandable valves
a MBS costs were updated during the evaluation. Refer to Section D.4
b The ADAR proposed that the cost of the TAVI-BEV prosthesis was $redacted. However, the listed price of the Edwards SAPIEN 3 (i.e. TAVI-BEV) on the July 2020 Prostheses List is $22,932 (DoH, 2020). This was revised during the evaluation. Net cost of SAVR prosthesis estimated as $redacted (Table 42 of the Commentary).
c The evaluation included prostheses costs and hospital stay costs ($redacted for TAVI,  $redacted) for private patients based on hospitalisation costs updated to 2021 values and TAVI hospitalisation costs being 44% of SAVR  hospitalisation cost, excluding prosthesis
Source: Table 8, ppxx-xxi of the Commentary, and revised Post ESC 
The Commentary considered that the cost of listing of TAVI-BEV is uncertain for the following reasons:
· The ADAR considered that TAVI-BEV would only replace SAVR. However TAVI-BEV may also replace medical management as some intermediate-risk patients would prefer to not undergo major open-heart surgery with SAVR but would opt for minimally invasive surgery with TAVI-BEV. Depending on patient numbers, TAVI-BEV could be significantly more costly than what is proposed by the ADAR
· The ADAR assumed that all eligible patients currently treated with SAVR would opt for treatment with TAVI-BEV (100% uptake). However, many patients would not be suitable candidates for treatment with TAVI-BEV. For example, the European Society of Cardiology and EACTS Guidelines for Valvular Heart Disease, state that SAVR is generally preferred in patients under 75 years and TAVI in patients 75 years and older (Baumgartner et al., 2017). This could result in higher or lower cost-savings to the Australian government
· As per the economic model, uncertainty in the length of hospitalisation stay and therefore the hospitalisation cost of TAVI-BEV. Sensitivity analyses found that changing the ratio of hospital-stay between TAVI-BEV and SAVR patients from 0.44 (4 days vs. 9 days) to 0.82 (9 days vs. 11 days) [Si et al. 2019][footnoteRef:16] changed the results of the financial model from producing $redacted million in cost-savings to the Australian government over five years, to costing the Australian government $redacted million over five years [16:  Si S, Hillis GS, Sanfilippo FM, Smith J, Tran L, Reid CM, et al. 2019. Surgical aortic valve replacement in Australia, 2002-2015: temporal changes in clinical practice, patient profiles and outcomes. ANZ J Surg 89: 1061-1067.] 

· There is also the potential for TAVI-BEV to be used in lower-risk patients as the proposed MBS item does not provide an objective definition of a patient who ’has been assessed by the Heart Team as having an intermediate risk for surgical aortic valve replacement’ This could result in higher or lower cost-savings to the Australian government.
Key issues from ESC for MSAC
	ESC key issue
	ESC advice to MSAC

	Safety vs. SAVR
	Patients treated with TAVI-BEV had a higher rate of moderate or severe aortic regurgitation than patients treated with SAVR at 12 months follow-up and a higher chance of requiring a permanent pacemaker after TAVI-BEV.
TAVI-BEV is safer with regards to the incidence of myocardial infarction and atrial fibrillation.

	Effectiveness vs. SAVR
	TAVI-BEV is superior for the outcomes of death and stroke at 12 months follow-up, but the ADAR did not present longer term comparative data for TAVI-BEV vs. SAVR. However, The Pre-ESC Response (p2) noted that 5-year data from PARTNER 3Si are available (although no publication or verifiable evidence-based data was provided) and showed that differences between the TAVI-BEV and SAVR groups in terms of mortality and disabling stroke persisted, although survival curves for mortality began to converge from Year 3. 

	Indirect comparison of TAVI-BEV vs. SEV
	Probably no difference, although level of evidence is low quality, noting the exchangeability issues (e.g. different primary outcome, different generation TAVI devices, different baseline characteristics) with PARTNER S3i vs. SURTAVI (SEV) 
Overall, ESC considered that there was a reasonable case to support a TAVI device agnostic approach. 

	Economic model of TAVI-BEV vs. SAVR
	The cost-utility analysis was based on the clinical claim of superior effectiveness compared with SAVR in terms of death and disabling stroke. However, the Pre-ESC response revised the economic model as the 5-year data from the PARTNER 3Si study found the survival curves for mortality began to converge from Year 3. TAVI-BEV remained dominant (i.e. cheaper, more effective) in the revised economic model. TAVI-BEV’s dominance was due to the estimated reduction in hospitalisation costs which might be uncertain as it was informed by propensity score analysis (PARTNER 3Si) study, which might favour TAVI-BEV.

	Utilisation and potential for leakage
	“Real life” decisions by the Heart Care team about characteristics are not included in the various surgical risks scores.

	Descriptor and item number
	Need to be more specific/explicit about the classification of patients as being of ‘intermediate’ risk. Clinical records and registry reports should document the clinical reasons why patients are categorised at higher risk level than suggested by the surgical risk score.
Suggest separate item number to the current MBS item numbers for high-risk TAVIs as this can be used to monitor practice when data from ACOR TAVI registry is analysed.

	Prosthesis List benefit
	The ADAR proposed a higher prosthesis benefit of $redacted for TAVI-BEV than the July 2020 Prosthesis List benefit of $22,932 TAVI-BEV and TAVI-SEV devices for high/risk inoperable patients. ESC queried whether it is plausible that the clinical gain is greater in the intermediate population compared to the high-risk/inoperable population.


ESC discussion
ESC noted that transcatheter aortic valve implantation (TAVI) is currently Medicare Benefits Schedule– (MBS) listed as a TAVI device agnostic item (either balloon expandable valve [BEV] or self-expandable valve [SEV] for high-risk/inoperable surgical patients with symptomatic severe aortic stenosis (AS) under item 38495. This application seeks to expand the MBS listing to include intermediate-risk surgical patients.
ESC noted that, originally, the Department received a TAVI device agnostic application for patients at intermediate risk for surgery (1552), which was placed on hold by the applicant to pursue this TAVI-BEV specific application (1603). ESC noted the applicant’s rationale for this was that the PARTNER II trial showed BEVs have different clinical and economic outcomes in intermediate-risk patients, which PASC advised that these “different clinical & economic outcomes” should be clarified during the assessment phase, including what they were compared to (see Section 2 Background). However, ESC noted that the ADAR did not make a clinical claim for its comparison of TAVI-BEV vs. SEV.
ESC noted that the main comparator was surgical aortic valve replacement (SAVR) and that the secondary comparator was TAVI-SEV.
ESC noted that TAVI-BEV [Edwards] and TAVI-SEV [Medtronic] are Australian Register of Therapeutic Goods (ARTG) registered for all patients with symptomatic severe AS, regardless of surgical risk (see Table 2).
ESC noted that there was no public consultation with patient groups. ESC noted the consumer issues raised for this application included the lack of long-term comparative safety and effectiveness data, the lack of an agreed definition of intermediate risk which might contribute to inconsistent care and the importance of TAVI pre-implantation assessment.
ESC noted that consistent with MBS item 38495, there are no risk criteria specified in the proposed descriptor for “intermediate risk”. However, because of concerns about leakage, ESC considered the explanatory notes/item descriptor should require the Heart Team to document reasons for their assessment of surgical risk classification if their assessment of risk differs from the risk indicated by Society of Thoracic Surgeons-Predicted Risk of Mortality (STS-PROM) score. ESC also noted that the pre-ESC response stating that the Cardiac Society of Australia and New Zealand (CSANZ) and the Australian and New Zealand Society of Cardiac and Thoracic Surgeons are soon to publish a consensus statement on TAVI, in which the central role of the Heart Teams is emphasised.
ESC noted that the Department requested a separate item number for this intermediate population, to monitor practice when data from the ACOR TAVI registry are analysed.
ESC noted that the Commentary focused on the traditional definition of intermediate risk as the patient having an STS-PROM score of 4–8%. However, in the pre-ESC response, the applicant noted that the risk also depends on what the Heart Team considers to be a “compromised patient” because of pre-morbid status or type of impediment. This is illustrated by the fact that the Commentary included the SOLVE-TAVI trial (published earlier in 2020) in its analysis but this was not included in the original applicant-developed assessment report (ADAR). Although the SOLVE-TAVI trial (Thiele et al., 2020) reported that the median STS-PROM score was 4.9%, the trial publication considered these patients to be high risk because of other factors. ESC agreed with the pre-ESC response and noted that this underscores the real-life decisions made by the Heart Team make a broader assessment of surgical risk and consider factors not captured in STS-PROM score alone.
ESC noted concerns in the Commentary that there was no direct randomised controlled trial (RCT) evidence assessing TAVI-BEV vs. the primary comparator, SAVR. The ADAR’s primary clinical evidence relied on comparing a newer generation TAVI-BEV device (SAPIEN 3) with SAVR via a propensity score-adjusted comparison (PARTNER S3i) of two sub-populations from two clinical studies – intermediate risk subgroup (STS-PROM score: 4–8%) from SAPIEN 3 single-arm observational study (TAVI-BEV arm in PARTNER S3i) and patients treated with SAVR from PARTNER 2A RCT (SAVR arm). ESC agreed with the Commentary that while the propensity score adjustment process controlled for all relevant observed characteristics for the primary outcomes (the composite endpoint of all-cause mortality, stroke, moderate or severe prosthetic valve regurgitation at 1 year) there is the potential for bias due to potential differences in unobserved variables. However, ESC also noted the pre-ESC response stating that the same selection criteria were used between PARTNER 2A and SAPIEN 3 and that the prespecified propensity score adjusted analysis allowed for unbiased and meaningful comparison. For all secondary outcomes, ESC noted that the ADAR acknowledged the high uncertainty from the unadjusted (naïve) comparisons.
In terms of comparative safety of TAVI-BEV vs. SAVR, ESC noted that based on the propensity score-adjusted results, patients treated with TAVI-BEV had a higher rate of moderate or severe aortic regurgitation than patients treated with SAVR at 12-months follow‑up. ESC also noted that based on naïve comparison, TAVI-BEV had higher rates of aortic valve re-intervention and new pacemaker implantations, but had superior safety regarding incident myocardial infarction and atrial fibrillation.
In terms of the comparative effectiveness of TAVI-BEV vs. SAVR, ESC considered that based on the propensity score-adjusted results, TAVI-BEV is superior for the outcomes of death and stroke at 12 months follow-up. ESC noted that naïve comparisons indicated that patients treated with TAVI-BEV had superior health-related quality of life (HRQoL) at 30 days, but not at 12 months follow-up suggesting that TAVI-BEVs beneficial impact on patients HRQoL did not extend beyond the perioperative period.
ESC noted that the pre-ESC response cited the 5-year outcome data from patients enrolled in PARTNER 3Si presented at a conference in June 2020. These results showed that differences between the TAVI‑BEV and SAVR groups in terms of mortality and disabling stroke persisted, although survival curves for mortality began to converge from Year 3. ESC considered that the 5-year data would be beneficial to MSAC’s consideration, in particular to verify the comparative clinical claim for all outcomes over the longer term.
ESC considered the ADARs secondary comparison of TAVI-BEV vs. SEV, noting that the ADAR and Commentary agreed that there was too much clinical heterogeneity to draw conclusions from the indirect comparison made between TAV-BEV (PARTNER S3i study) and TAVI-SEV (SURTAVI RCT), via the common comparator, SAVR. ESC noted that the primary endpoint of PARTNER S3i was different to the primary endpoint of the PARTNER 2A (and SURTAVI RCT) which used composite of death or disabling stroke. Additionally, there were also differences in TAVI devices used, baseline characteristics and event rates for the common comparator arm (SAVR). In the pre-ESC response, the applicant noted that PASC requested this evaluation and, to undertake this evaluation, an assumption had to be made about the relative efficacy of TAVI-BEV compared with TAVI-SEV. The applicant noted that, as detailed in the ADAR, it was reasonable based on available evidence to assume that TAVI-SEV had the same efficacy as SAVR in terms of the composite outcome of death and stroke: TAVI-SEV 8.1% versus SAVR 8.8% at 12 months (95% confidence interval 3.5% to 2.1%, P > 0.99). However, ESC considered that the superiority of the BEV device (relative to SEV) was not established as it relied upon this assumption.
ESC also considered the Commentary’s secondary comparison of TAVI-BEV vs. SEV, noting that the results of SOLVE-TAVI suggested that TAVI-BEV and SEV were equivalent in terms of the composite primary endpoint: all-cause mortality, stroke, moderate or severe paravalvular leakage, and permanent pacemaker implantation at 30-day follow-up. However, ESC considered there were applicability concerns with the trial population and that the results were limited to 30-days, and as such did not inform longer term outcomes.
Overall, ESC considered that there is probably no difference between TAVI-BEV vs. SEV, although the level of evidence is not high. Thus, ESC considered there might be a case to support a device agnostic approach. However, ESC also noted that there is an upcoming TAVI-device agnostic (BEV or SEV or mechanically expanding valve) application in intermediate surgical risk population (1652) which will be considered at the February 2021 ESC meeting.
However, ESC noted if a device agnostic approach was not supported by MSAC, that any MBS item should be specific to BEV. If SEV is to be listed, then it would need to demonstrate that is it non-inferior (to BEV) to be used in intermediate-risk populations. At that time, there would need to be a separate discussion around the pricing for SEV, which would have implications for price negotiations for BEV vs. SEV (if SEV is to be listed).
ESC noted that originally, the ADAR's economic model for TAVI-BEV vs. SAVR relied on one-year data from the PARTNER S3i study only and that the ADAR assumed no treatment benefit between TAVI-BEV and SAVR beyond one year. ESC also noted that the ADAR base case model was non conservative, as the pre-ESC response revised the modelled evaluation such that the overall survival curves crossed at five years based on 5-year outcomes from PARTNER 3Si (see Figure 5). However, ESC noted that TAVI-BEV remained dominant over SAVR (see Table 11), but queried if the model should be based on the 5 year results for all outcomes (such as stroke rates and other adverse events). ESC also noted the Commentary performed model validation comparing the modelled Markov traces with the 5-year trial results of death or disabling stroke from PARTNER 2A, which compared the earlier generation BEV device: TAVI-SAPIEN XT vs. SAVR (see Figure 4).
ESC noted that the ADAR did not include the cost of prostheses or the cost of hospital stay for the proportion of private patients included in the economic and financial model. ESC noted that the Commentary revised the ADAR base-case model using the current benefit level of TAVI-BEV on the Prostheses List ($22,932) rather than the ADARs proposal and including hospital stay and prostheses costs for private patients. Expectantly, ESC noted this resulted in a more favourable incremental cost-effectiveness ratio (ICER). ESC also noted the Commentary’s revised financial estimates attributed costs of the prostheses to private health insurance (PHI), but also assumed private hospital costs would be based on public hospitalisation costs and attributed to PHI. ESC queried if this was appropriate and advised presenting the costs to private hospitals separate to PHI (see Table 13).
However, ESC noted that the cost savings estimated in the economic and financial models were highly sensitive to the extent of the reduction in hospitalisation costs in patients treated with TAVI-BEV compared with SAVR. However, the sensitivity analyses found that TAVI-BEV was the dominant (i.e. cheaper, more effective) treatment option compared to SAVR in most scenarios. The only exception was the uncertainty in hospital length of stay as the Commentary’s threshold analysis indicated that TAVI-BEV stops being the dominant treatment option when TAVI-BEV hospitalisation costs reach redacted of SAVR hospitalisation costs.
ESC considered the secondary cost-utility analysis of TAVI-BEV vs. SEV. ESC agreed with the Commentary that this comparison was non-informative as the ADAR inappropriately assumed that TAVI-SEV generally had the same efficacy and risks as SAVR. ESC also noted that the ADAR proposed a higher prosthesis benefit of $redacted for TAVI-BEV than the July 2020 Prostheses List benefit of $22,932 for TAVI-BEV and TAVI-SEV devices.
ESC discussed whether it is plausible that clinical gain is greater in the intermediate population compared to the high-risk/inoperable population, to justify the price of $redacted (compared to $22,932 for high-risk/inoperable patients). ESC recalled that, when MSAC considered TAVI for high-risk/inoperable patients, the debate pivoted on the claim that the duration of hospitalisation was reduced. MSAC noted that this approach still favoured TAVI because this calculation assumes that the cost of hospitalisation will be evenly distributed across the length of the hospital stay, whereas it is known that the reductions in hospital stay are typically for the cheaper days that do not incur the costs of the procedure. Consistent with the high-risk/inoperable application, ESC noted that length of stay is also the key driver in the economic model, and also noted the pre-ESC response discussion of length of stay reported for Australian TAVI patients.
ESC noted that MSAC anticipated a clinical gain when moving from high-risk to intermediate-risk patients, and that this might give an expectation that the value proposition would be better in the intermediate population. ESC noted that length of stay will need to be considered in any future applications that consider low-risk populations. ESC noted that TAVI-BEV for low risk (1635) will be considered at the February 2021 ESC meeting.
To investigate the value proposition of TAVI across the different levels of surgical risk 
(high-, intermediate-, and low-risk), ESC reviewed the published literature focusing on length of hospital stay reported from RCT based comparisons of TAVI (BEV or SEV) vs. SAVR. ESC noted this analysis indicated that although patients treated with TAVI or SAVR typically have longer index hospitalisation for those with higher surgical risk, the clinical gain in regards to the reduction in hospital length of stay with TAVI (BEV or SEV) vs. SAVR across surgical risk categories was broadly consistent across the absolute differences (~4 days) rather than the ratios of duration (Table 14). ESC noted that these results were also consistent with an RCT (Thyregod et al 2015[footnoteRef:17]) of an all comers population (mainly low risk) treated with TAVI-SEV vs. SAVR (8.9 ± 6.2 days vs. 12.9 ± 11.6 days, respectively; p=0.001). However, from non-RCT data, such as the PARTNER 3Si study, ESC noted that the results supported a greater reduction in hospital length of stay (5 days) for TAVI-BEV vs. SAVR. However, ESC noted that these estimates were more uncertain as they were informed from propensity score analysis (rather than from an RCT). [17:  Thyregod HG, Steinbrüchel DA, Ihlemann N, Nissen H, Kjeldsen BJ, Petursson P, Chang Y, Franzen OW, Engstrøm T, Clemmensen P, Hansen PB. Transcatheter versus surgical aortic valve replacement in patients with severe aortic valve stenosis: 1-year results from the all-comers NOTION randomized clinical trial. Journal of the American College of Cardiology. 2015 May 26;65(20):2184-94.] 

[image: ]
ESC recalled that for the high-risk/inoperable application (1361.2), that the economic model was revised to use the relevant 5-year PARTNER trial data (see Table 1). ESC also recalled that on the basis of the 5-year data, MSAC considered that the claim of an improved overall survival was not substantiated in order to justify the incremental cost-utility ratios presented in the stepped economic evaluation, and recommended that TAVI was negotiated on a cost‑minimisation basis (see Section 2-Background).
Other significant factors
Nil.
Applicant comments on MSAC’s Public Summary Document
Edwards Lifesciences is pleased that “MSAC supported the creation of a new Medicare Benefits Schedule (MBS) item for transcatheter aortic valve implantation (TAVI) using a balloon-expandable valve (BEV) system for patients with symptomatic severe aortic stenosis (AS) at intermediate risk for surgery”, and looks forward to working with government, private health insurers, clinical providers and patient groups to make SAPIEN 3 accessible to Australians in need.
Further information on MSAC
MSAC Terms of Reference and other information are available on the MSAC Website: 
visit the MSAC website
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TAVI BEV	0	8.2135523613963035E-2	0.16427104722792607	0.24640657084188911	0.32854209445585214	0.41067761806981518	0.49281314168377821	0.57494866529774125	0.65708418891170428	0.73921971252566732	0.82135523613963035	0.90349075975359339	0.98562628336755642	1.0677618069815193	1.1498973305954823	1.2320328542094452	1.3141683778234081	1.396303901437371	1.478439425051334	1.5605749486652969	1.6427104722792598	1.7248459958932227	1.8069815195071857	1.8891170431211486	1.9712525667351115	2.0533880903490744	2.1355236139630374	2.2176591375770003	2.2997946611909632	2.3819301848049261	2.4640657084188891	2.546201232032852	2.6283367556468149	2.7104722792607778	2.7926078028747408	2.8747433264887037	2.9568788501026666	3.0390143737166295	3.1211498973305924	3.2032854209445554	3.2854209445585183	3.3675564681724812	3.4496919917864441	3.5318275154004071	3.61396303901437	3.6960985626283329	3.7782340862422958	3.8603696098562588	3.9425051334702217	4.0246406570841851	4.106776180698148	4.1889117043121109	4.2710472279260738	4.3531827515400368	4.4353182751539997	4.5174537987679626	4.5995893223819255	4.6817248459958885	4.7638603696098514	4.8459958932238143	4.9281314168377772	5.0102669404517401	5.0924024640657031	5.174537987679666	5.2566735112936289	5.3388090349075918	5.4209445585215548	5.5030800821355177	5.5852156057494806	5.6673511293634435	5.7494866529774065	5.8316221765913694	5.9137577002053323	5.9958932238192952	6.0780287474332582	6.1601642710472211	6.242299794661184	6.3244353182751469	6.4065708418891099	6.4887063655030728	6.5708418891170357	6.6529774127309986	6.7351129363449616	6.8172484599589245	6.8993839835728874	6.9815195071868503	7.0636550308008133	7.1457905544147762	7.2279260780287391	7.310061601642702	7.3921971252566649	7.4743326488706279	7.5564681724845908	7.6386036960985537	7.7207392197125166	7.8028747433264796	7.8850102669404425	7.9671457905544054	8.0492813141683683	8.1314168377823322	8.213552361396296	8.2956878850102598	8.3778234086242236	8.4599589322381874	8.5420944558521512	8.624229979466115	8.7063655030800788	8.7885010266940427	8.8706365503080065	8.9527720739219703	9.0349075975359341	9.1170431211498979	9.1991786447638617	9.2813141683778255	9.3634496919917893	9.4455852156057531	9.527720739219717	9.6098562628336808	9.6919917864476446	9.7741273100616084	9.8562628336755722	9.938398357289536	10.0205338809035	1	0.97599999999999998	0.97108691628219135	0.9661985645230079	0.96133482022431127	0.95649555951467335	0.9516806591462228	0.94688999649150485	0.94212344954035909	0.93738089689681148	0.93266221777598302	0.92796729200101324	0.92329599999999978	0.91889671296564679	0.91451886584126696	0.91016235466696482	0.90582707593937406	0.90151292661067461	0.89721980408759083	0.89294760623036895	0.88869623135173947	0.88446557821585947	0.88025554603723977	0.8760660344796537	0.87189694365503023	0.86711694548195095	0.86236367234043876	0.85763697380514448	0.85293670027191593	0.84826270295403383	0.84361483387845215	0.83899294588203821	0.83439689260781402	0.82982652850120386	0.82528170880627971	0.8207622895620138	0.81626812759853262	0.81090930806404116	0.80558668205891715	0.80029999850134803	0.79504900810859547	0.7898334633832339	0.78465311859951681	0.77950772978986216	0.77439705473146281	0.769320852933016	0.76427888562157043	0.75927091572949224	0.75429670788154546	0.74888060359376318	0.74350456238819174	0.73816827896554538	0.73287145044877056	0.7276137763620889	0.72239495861026282	0.71721470145808441	0.71207271151007923	0.70696869769042681	0.70190237122309018	0.69687344561215447	0.69188163662236857	0.68599191206950361	0.6801536701984251	0.67436644658929557	0.66862978124384853	0.66294321853767424	0.65730630717318805	0.651718600133255	0.64617965463547034	0.64068903208707073	0.63524629804046984	0.62985102214940392	0.62450277812567456	0.6192011436964775	0.61356747958679947	0.60798613125580714	0.60245660065995343	0.59697839470548864	0.59155102519402047	0.58617400876883252	0.58084686686194331	0.57556912564189144	0.57034031596223322	0.5651599733107382	0.56002763775926878	0.55494285391433151	0.54879496240843928	0.54271698720523687	0.53670810683691716	0.53076751005083789	0.52489439566517537	0.51908797242724825	0.51334745887443523	0.5076720831976218	0.50206108310710518	0.49651370570089493	0.49102920733534688	0.48560685349807042	0.47952872215490899	0.47352825598052539	0.46760443559685438	0.46175625566496359	0.45598272466929107	0.45028286470608897	0.44465571127595616	0.43910031308034525	0.43361573182193697	0.42820104200877573	0.42285533076206649	0.41757769762753616	0.4118013473135429	0.40610598335032649	0.40049044852643989	0.39495360278529917	0.38949432294755221	0.3841115024389371	0.37880405102347753	0.37357089454187148	0.36841097465493144	0.36332324859194221	0.35830668890380596	0.35336028322085111	0.34775701645073648	SAVR	0	8.2135523613963035E-2	0.16427104722792607	0.24640657084188911	0.32854209445585214	0.41067761806981518	0.49281314168377821	0.57494866529774125	0.65708418891170428	0.73921971252566732	0.82135523613963035	0.90349075975359339	0.98562628336755642	1.0677618069815193	1.1498973305954823	1.2320328542094452	1.3141683778234081	1.396303901437371	1.478439425051334	1.5605749486652969	1.6427104722792598	1.7248459958932227	1.8069815195071857	1.8891170431211486	1.9712525667351115	2.0533880903490744	2.1355236139630374	2.2176591375770003	2.2997946611909632	2.3819301848049261	2.4640657084188891	2.546201232032852	2.6283367556468149	2.7104722792607778	2.7926078028747408	2.8747433264887037	2.9568788501026666	3.0390143737166295	3.1211498973305924	3.2032854209445554	3.2854209445585183	3.3675564681724812	3.4496919917864441	3.5318275154004071	3.61396303901437	3.6960985626283329	3.7782340862422958	3.8603696098562588	3.9425051334702217	4.0246406570841851	4.106776180698148	4.1889117043121109	4.2710472279260738	4.3531827515400368	4.4353182751539997	4.5174537987679626	4.5995893223819255	4.6817248459958885	4.7638603696098514	4.8459958932238143	4.9281314168377772	5.0102669404517401	5.0924024640657031	5.174537987679666	5.2566735112936289	5.3388090349075918	5.4209445585215548	5.5030800821355177	5.5852156057494806	5.6673511293634435	5.7494866529774065	5.8316221765913694	5.9137577002053323	5.9958932238192952	6.0780287474332582	6.1601642710472211	6.242299794661184	6.3244353182751469	6.4065708418891099	6.4887063655030728	6.5708418891170357	6.6529774127309986	6.7351129363449616	6.8172484599589245	6.8993839835728874	6.9815195071868503	7.0636550308008133	7.1457905544147762	7.2279260780287391	7.310061601642702	7.3921971252566649	7.4743326488706279	7.5564681724845908	7.6386036960985537	7.7207392197125166	7.8028747433264796	7.8850102669404425	7.9671457905544054	8.0492813141683683	8.1314168377823322	8.213552361396296	8.2956878850102598	8.3778234086242236	8.4599589322381874	8.5420944558521512	8.624229979466115	8.7063655030800788	8.7885010266940427	8.8706365503080065	8.9527720739219703	9.0349075975359341	9.1170431211498979	9.1991786447638617	9.2813141683778255	9.3634496919917893	9.4455852156057531	9.527720739219717	9.6098562628336808	9.6919917864476446	9.7741273100616084	9.8562628336755722	9.938398357289536	10.0205338809035	1	0.96	0.95180443315314456	0.94367883226039462	0.93562260001898578	0.9276351442253562	0.91971587773161523	0.91186421840238185	0.90407958907199404	0.89636141750208054	0.88870913633949655	0.88112218307462009	0.87359999999999993	0.8694302459909502	0.86528088204802656	0.86115180861526408	0.85704292658144599	0.85295413727903679	0.84888534248310177	0.84483644441020833	0.84080734571731097	0.83679794950062458	0.83280815929447816	0.82883787907015838	0.82488701323473534	0.82035700880445328	0.81585241592519975	0.81137309061592855	0.8069188896928553	0.80248967076565669	0.79808529223366942	0.79370561328209877	0.78935049387822731	0.78501979476763151	0.7807133774704027	0.77643110427737472	0.77217283824635563	0.76709500745604942	0.76205158581249755	0.75704233306112234	0.75206701069030502	0.74712538191776501	0.74221721167706523	0.73734226660424407	0.73250031502456903	0.72769112693941496	0.72291447401326125	0.71817012956080684	0.71345786853420656	0.70832699714637526	0.70323419636128826	0.69817917429887921	0.69316164142155967	0.68818131051356179	0.68323789666050927	0.6783311172292098	0.67346069184766566	0.66862634238530105	0.66382779293339989	0.65906476978575323	0.65433700141951234	0.64875862625576863	0.64322915670658176	0.63774814902864474	0.63231516374881924	0.6269297656173155	0.62159152356154479	0.61630001064063278	0.61105480400057421	0.60585548483002272	0.60070163831669743	0.59559285360439573	0.59052872375060084	0.58550884568467088	0.58017466222802638	0.57489014479639422	0.56965481809657859	0.56446821160556171	0.55932985951721792	0.55423930068977889	0.5491960785940363	0.544199741262264	0.53924984123785047	0.53434593552562271	0.52948758554285136	0.52467435707092092	0.51885469335581069	0.51310137716816573	0.50741362512189825	0.50179066366229574	0.49623172892515943	0.49073606659857627	0.48530293178725409	0.47993158887935	0.47462131141572766	0.46937138196157885	0.46418109198034835	0.4590497417099027	0.45329782734418334	0.44761957118484552	0.44201400218387038	0.43648016277874124	0.43101710868242293	0.42562390867748739	0.42029964441427026	0.41504341021294661	0.40985431286941831	0.40473147146490979	0.39967401717917223	0.39468109310720151	0.38921639768695671	0.38382846496998801	0.37851619387447349	0.37327849976279631	0.36811431417208657	0.36302258455016717	0.35800227399675238	0.35305236100975618	0.34817183923657069	0.34335971723018266	0.33861501820999879	0.33393677982725661	0.32863736605816574	Years





Overall survival

TAVI BEV	0	8.2135523613963035E-2	0.16427104722792607	0.24640657084188911	0.32854209445585214	0.41067761806981518	0.49281314168377821	0.57494866529774125	0.65708418891170428	0.73921971252566732	0.82135523613963035	0.90349075975359339	0.98562628336755642	1.0677618069815193	1.1498973305954823	1.2320328542094452	1.3141683778234081	1.396303901437371	1.478439425051334	1.5605749486652969	1.6427104722792598	1.7248459958932227	1.8069815195071857	1.8891170431211486	1.9712525667351115	2.0533880903490744	2.1355236139630374	2.2176591375770003	2.2997946611909632	2.3819301848049261	2.4640657084188891	2.546201232032852	2.6283367556468149	2.7104722792607778	2.7926078028747408	2.8747433264887037	2.9568788501026666	3.0390143737166295	3.1211498973305924	3.2032854209445554	3.2854209445585183	3.3675564681724812	3.4496919917864441	3.5318275154004071	3.61396303901437	3.6960985626283329	3.7782340862422958	3.8603696098562588	3.9425051334702217	4.0246406570841851	4.106776180698148	4.1889117043121109	4.2710472279260738	4.3531827515400368	4.4353182751539997	4.5174537987679626	4.5995893223819255	4.6817248459958885	4.7638603696098514	4.8459958932238143	4.9281314168377772	5.0102669404517401	5.0924024640657031	5.174537987679666	5.2566735112936289	5.3388090349075918	5.4209445585215548	5.5030800821355177	5.5852156057494806	5.6673511293634435	5.7494866529774065	5.8316221765913694	5.9137577002053323	5.9958932238192952	6.0780287474332582	6.1601642710472211	6.242299794661184	6.3244353182751469	6.4065708418891099	6.4887063655030728	6.5708418891170357	6.6529774127309986	6.7351129363449616	6.8172484599589245	6.8993839835728874	6.9815195071868503	7.0636550308008133	7.1457905544147762	7.2279260780287391	7.310061601642702	7.3921971252566649	7.4743326488706279	7.5564681724845908	7.6386036960985537	7.7207392197125166	7.8028747433264796	7.8850102669404425	7.9671457905544054	8.0492813141683683	8.1314168377823322	8.213552361396296	8.2956878850102598	8.3778234086242236	8.4599589322381874	8.5420944558521512	8.624229979466115	8.7063655030800788	8.7885010266940427	8.8706365503080065	8.9527720739219703	9.0349075975359341	9.1170431211498979	9.1991786447638617	9.2813141683778255	9.3634496919917893	9.4455852156057531	9.527720739219717	9.6098562628336808	9.6919917864476446	9.7741273100616084	9.8562628336755722	9.938398357289536	10.0205338809035	1	0.97599999999999998	0.97108691628219135	0.9661985645230079	0.96133482022431127	0.95649555951467335	0.9516806591462228	0.94688999649150485	0.94212344954035909	0.93738089689681148	0.93266221777598302	0.92796729200101324	0.92329599999999978	0.91818642799339134	0.91310653597159319	0.90805614492775433	0.90303507692217067	0.89804315507720689	0.89308020357220452	0.88814604763838434	0.88324051355373834	0.8783634286379165	0.87351462124710588	0.86869392076890439	0.86390115761719088	0.85841780519147803	0.85297080035360817	0.8475598905753875	0.8421848251547267	0.83684535520251824	0.83154123362958898	0.82627221513373117	0.82103805618680914	0.81583851502194404	0.81067335162077425	0.80554232770079404	0.80044520670276942	0.79438496926391167	0.78837288269708894	0.78240853904098384	0.77649153414534244	0.77062146762948469	0.76479794284137304	0.75902056681723173	0.7532889502417015	0.74760270740852597	0.74196145618176068	0.73636481795749187	0.73081241762606142	0.72477688122795569	0.71879358216570655	0.71286203868658249	0.70698177395910777	0.70115231601337724	0.69537319768229533	0.6896439565437199	0.68396413486349439	0.67833327953934697	0.67275094204564723	0.66721667837899323	0.66173004900462296	0.65527409872082309	0.64888364307941615	0.64255797588944363	0.63629639951822103	0.63009822476236022	0.62396277072141726	0.61788936467410149	0.61187734195697085	0.60592604584555476	0.60003482743783565	0.59420304554002989	0.58843006655460794	0.5827152643704967	0.57665065467048793	0.57065111832510174	0.56471592220049682	0.55884434225758628	0.55303566341560551	0.54728917941840582	0.54160419270340676	0.53598001427313402	0.53041596356927634	0.52491136834919627	0.51946556456482906	0.51407789624391009	0.50758630272557059	0.50117919269074729	0.49485541094249402	0.48861381994045316	0.48245329945682108	0.47637274624188092	0.47037107369874409	0.46444721156696089	0.45860010561467196	0.45282871733898877	0.4471320236743056	0.44150901670825288	0.43521944588616485	0.42902136975162941	0.42291340813383316	0.41689420366142499	0.4109624212925379	0.40511674785870239	0.39935589162209001	0.39367858184554644	0.38808356837490282	0.38256962123307731	0.37713553022550272	0.37178010455643684	0.3659290245982646	0.36017106806843108	0.35450471934275074	0.34892848914091795	0.34344091397665583	0.33804055562404289	0.33272600059934382	0.32749585965770611	0.32234876730411449	0.31728338131802825	0.31229838229115087	0.30739247317781498	0.30185132080244326	SAVR	0	8.2135523613963035E-2	0.16427104722792607	0.24640657084188911	0.32854209445585214	0.41067761806981518	0.49281314168377821	0.57494866529774125	0.65708418891170428	0.73921971252566732	0.82135523613963035	0.90349075975359339	0.98562628336755642	1.0677618069815193	1.1498973305954823	1.2320328542094452	1.3141683778234081	1.396303901437371	1.478439425051334	1.5605749486652969	1.6427104722792598	1.7248459958932227	1.8069815195071857	1.8891170431211486	1.9712525667351115	2.0533880903490744	2.1355236139630374	2.2176591375770003	2.2997946611909632	2.3819301848049261	2.4640657084188891	2.546201232032852	2.6283367556468149	2.7104722792607778	2.7926078028747408	2.8747433264887037	2.9568788501026666	3.0390143737166295	3.1211498973305924	3.2032854209445554	3.2854209445585183	3.3675564681724812	3.4496919917864441	3.5318275154004071	3.61396303901437	3.6960985626283329	3.7782340862422958	3.8603696098562588	3.9425051334702217	4.0246406570841851	4.106776180698148	4.1889117043121109	4.2710472279260738	4.3531827515400368	4.4353182751539997	4.5174537987679626	4.5995893223819255	4.6817248459958885	4.7638603696098514	4.8459958932238143	4.9281314168377772	5.0102669404517401	5.0924024640657031	5.174537987679666	5.2566735112936289	5.3388090349075918	5.4209445585215548	5.5030800821355177	5.5852156057494806	5.6673511293634435	5.7494866529774065	5.8316221765913694	5.9137577002053323	5.9958932238192952	6.0780287474332582	6.1601642710472211	6.242299794661184	6.3244353182751469	6.4065708418891099	6.4887063655030728	6.5708418891170357	6.6529774127309986	6.7351129363449616	6.8172484599589245	6.8993839835728874	6.9815195071868503	7.0636550308008133	7.1457905544147762	7.2279260780287391	7.310061601642702	7.3921971252566649	7.4743326488706279	7.5564681724845908	7.6386036960985537	7.7207392197125166	7.8028747433264796	7.8850102669404425	7.9671457905544054	8.0492813141683683	8.1314168377823322	8.213552361396296	8.2956878850102598	8.3778234086242236	8.4599589322381874	8.5420944558521512	8.624229979466115	8.7063655030800788	8.7885010266940427	8.8706365503080065	8.9527720739219703	9.0349075975359341	9.1170431211498979	9.1991786447638617	9.2813141683778255	9.3634496919917893	9.4455852156057531	9.527720739219717	9.6098562628336808	9.6919917864476446	9.7741273100616084	9.8562628336755722	9.938398357289536	10.0205338809035	1	0.96	0.95180443315314456	0.94367883226039462	0.93562260001898578	0.9276351442253562	0.91971587773161523	0.91186421840238185	0.90407958907199404	0.89636141750208054	0.88870913633949655	0.88112218307462009	0.87359999999999993	0.8694302459909502	0.86528088204802656	0.86115180861526408	0.85704292658144599	0.85295413727903679	0.84888534248310177	0.84483644441020833	0.84080734571731097	0.83679794950062458	0.83280815929447816	0.82883787907015838	0.82488701323473534	0.82035700880445328	0.81585241592519975	0.81137309061592855	0.8069188896928553	0.80248967076565669	0.79808529223366942	0.79370561328209877	0.78935049387822731	0.78501979476763151	0.7807133774704027	0.77643110427737472	0.77217283824635563	0.76709500745604942	0.76205158581249755	0.75704233306112234	0.75206701069030502	0.74712538191776501	0.74221721167706523	0.73734226660424407	0.73250031502456903	0.72769112693941496	0.72291447401326125	0.71817012956080684	0.71345786853420656	0.70832699714637526	0.70323419636128826	0.69817917429887921	0.69316164142155967	0.68818131051356179	0.68323789666050927	0.6783311172292098	0.67346069184766566	0.66862634238530105	0.66382779293339989	0.65906476978575323	0.65433700141951234	0.64875862625576863	0.64322915670658176	0.63774814902864474	0.63231516374881924	0.6269297656173155	0.62159152356154479	0.61630001064063278	0.61105480400057421	0.60585548483002272	0.60070163831669743	0.59559285360439573	0.59052872375060084	0.58550884568467088	0.58017466222802638	0.57489014479639422	0.56965481809657859	0.56446821160556171	0.55932985951721792	0.55423930068977889	0.5491960785940363	0.544199741262264	0.53924984123785047	0.53434593552562271	0.52948758554285136	0.52467435707092092	0.51885469335581069	0.51310137716816573	0.50741362512189825	0.50179066366229574	0.49623172892515943	0.49073606659857627	0.48530293178725409	0.47993158887935	0.47462131141572766	0.46937138196157885	0.46418109198034835	0.4590497417099027	0.45329782734418334	0.44761957118484552	0.44201400218387038	0.43648016277874124	0.43101710868242293	0.42562390867748739	0.42029964441427026	0.41504341021294661	0.40985431286941831	0.40473147146490979	0.39967401717917223	0.39468109310720151	0.38921639768695671	0.38382846496998801	0.37851619387447349	0.37327849976279631	0.36811431417208657	0.36302258455016717	0.35800227399675238	0.35305236100975618	0.34817183923657069	0.34335971723018266	0.33861501820999879	0.33393677982725661	0.32863736605816574	Years
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